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IMPROVED COLORANT STaRILIZF.RS 

Technical Field 

The present invention relates to a faniily of colorani siabiiizers. The 
colorant stabilizers, according to the present invention, are capable of 
stabilizing a colorant when it is exposed to electromagnetic radiation. 

Background of the Invention 

A major problem with colorants is that ihcy tend to fade when 
exposed to elec-romagneiic radiation such as sunlight or artitlcial light and 
the like. It is believed that most of the fading of colorants when exposed to 
liehi is due to photodegradation mechanisms. These degradation 
mechanisms include oxidation or reduction of the colorants depending upon 
the environmental conditions in which the colorant is placed. Fading of a 
colorant also depends upon the substrate upon which they reside. 

Product analysis of stable photoproducts and inter^nediaics has 
revealed several important modes of photodecomposition. These mclude 
electron ejec-ion from the colorant, reaction with ground-s:ate or excited 
singlet state oxygen, cleavage of the central carbon-phenyl ring bonds to 
form amino substituted benzophenones. such as iriphenylmeihanc dyes, 
reduction to form the colorless leuco dyes and electron or hydrogen ajom 
abstraction to form radical intermediates. 

Various factors such as temperature, huniidity. gaseous rcactants. 
including O3, SOo. and NO2. and water soluble, nonvolatile 
photodegradation products have been shown to influence fading of 
colorar^ts. The factors that effect colorant fading appear to exhibit a ceaain 
amount of interdependence. U is due to this complex behavior that 
ob.servations for the fading of a particular colorant on a panicular substrate 
cannot be applied to colorants and substrates in general. 

Under conditions of constant temperature it has been observed that 
an increase in the relative humidity of the atmosphere increases the fading of 
a colorant for a variety of colorant-.substraic systems (e.g.. McLaren. K.. J 
Soc. Dyers Colour. 1956. 72. 527). For example, as the relative humidity 
of the atmosphere increases, a Hber may swell because the moisture content 
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of the fiber increases. Thi.s Jids ditTusion ut' uaseoux rcactanis ihruugh ihc 
substrate structure. 

The ability of a light .source lo cause photochemical change in a 
colorant is also dependent upon the spectral distribution of the light source. 
5 in particular the proportion of radiation of wavelengtns most effective in 

causing a change in the colorant and the quantun yield of colorant 
degradation as a function of wavelength. On the basis of photochemical 
principles, it would he expected that light of higher enersy I'shon 
wavelengths) would be more effective at causing fading than light of lower 

10 energy (long wavelengths). Studies have revealed thai this is not always the 

case. Over 100 colorants of different classes were studied and found thai 
generally the most unstable were faded more efficiently by visible light 
while those of higher lightfasiness were degraded mamly by ultraviolet light 
(McLaren, K., J. Soc. Dyers Colour, 1956. 72. 86). 

15 The intluence of a substrate on colorant stability can be extremely 

important. Colorant fading may be retarded or promoted by some chemical 
group within the substrate. Such a group can be a ground-state species or 
an excited-state species. The porosity of the substrate is also an important 
factor in colorant stability. A high porosity can promote fading of a colorant 

20 by facilitating penetration of moisture and gaseous reaciants into the 

substrate. A substrate may also act as a protective agent by .screening the 
colorant from light of wavelengths capable of causing cegradation. 

The purity of the substrate is also an important consideration 
whenever the photochemistry of dyed technical polymers is considered. 

25 For example, technical-grade cotton, viscose rayon, polyethylene. 

polypropylene, and polyisoprene arc known to contain carbonyl group 
impurities. These impurities absorb light of wavelengths greater than 300 
nn^. which arc pceser^t si::^!:ght, aad sc. txziizi'izn of these :n;puri;ies 
may lead to reactive species capable of causing colorant fading (van Beck. 

30 H.C.A.. Col. Res. AppL, 1983. 8(3). 176). 

Therefore, there exists a need for methods and compositions which 
are capable of stabilizing a wide variety of colorants from the effects of both 
sunlight and artificial light. 
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Summary of the Invention 

The present invention addre>>es the needs described above bv 
providing compositions and nieihocs for siabilizing colorants acatnsi 
radiation including radiation in the visible wiiveiength ran^e. 

The present invention also relates to colorant compositions having 
improved stability, wherein the colorant is assoc!ated with a colorant 
stabilizer. In one embodiment, the colorant stabilizer of the present 
invention is an arv'limineaJkene having the ["ollovving izenerai formula: 

/ 

II \ ^2 
N R3 
I 

wherein R\ is hydrogen, an alkyl. alkcnyl. cycloalkyl. 
hcterocycioalkvL iiryl. heteroaryl group, or substituted ar>M group: 

R2 is hydrogen, an alkyl. alkenyL cycloalkyl. heterocycloalkyi, 
arv'l; hcicroarv'l group, or substituted ar\ 1 group; 

R.l is hydrogen, an alkyl. alkenyK cycloalkyl. heterocycloalkyi. 
ar>'l, heteroaryl group, or substituted an ! group; 

R4 is hydrogen, an alkyl. alkenyl. cycloalkyl. heterocycloalkyi, 
ar>'l. heteroar>'l. or substituted aryl group: and 

R5 is an ar>'l. heteroaryl. polyaikene. or substituted ar\ l group: 
wherein R|, R2. or R4 are an aryl. heteroarv'l. or substituted ar\'i group. 

Desirably, the alkenc group is in the trans configuration. 

(n another embodiment of the present invention, heavy atoms are 
added to conventional dyes to stabilize the dyes. These heavy atoms include 
Group VII ions including iodide ions. It has further been determined thai 
the counterion is desirably a large ion with a relatively low charge density. 
These counterions should be .sodium or larger. The counterions also 
include relatively large organic counicnons such as teiramethylammonium. 

In yet another embodiment of the present invention, highly effective 
dye stabilizers include derivatives of phenols with the following general 
formula: 
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R2— {^>-OR. 

wherein R| is iodine. {)r jn alkyl group having between I and 5 carbon 
atoms: 

R-) is an iodine, or an alkyl group having between I and 5 carbon aionns.: 
5 R-^ is iodine, or an alkyl croup having between i and 5 carbon atoms: and 

R4 is a sugar, polyhydroxy cotnpound. sulfonic acid >alt compound, 
carboxylic acid salt compound, polyether compound, or hydrogen, wherein 
the suiiar includes, but is not limited to. glucose, truciose. polyeiher sugars, 
monosaccharides, polysaccharides, cyclodextrms. including but not limited 
10 to. a-cyclude.xirin, P-cyclodextrm. y-cyclodextrin. hydroxypropyl p- 

cyclodextrin. hydroxyethyl [i-cyclode.xtrin. hydroxyethyl a cyclodextrin. 
carboxymeihyl a cyclodextrin. carboxyrnethy i 3 cyclodextrin, 
carboxymethyl y cyclodextrin. octyl succinaicd a cyclodextrin, octyl 
succinated P cyclodextrin. octyl buccinated y cyclodextrin and sulfated P 
15 cyclodextrin and sulfated y-cyciodextrin. In particular, the iriiodophenols 

and trimethylphenols and the water soluble derivatives thereof are 
particularly effective in stabilizing a wide variety of dyes. 

In yet another embodiment, the colorant stabilizer of the present 
mvention is a reducing agent. The reducing agent includes, but is not 
20 limited to. sodium ihiosulfatc (Na2S203), sodium sulfite tNa2S03). 

cysteine, sodium nitrite, sodium phosphite, and citric acid. A desired 
reducing agent is sodium ihiosulfatc. In this embodiment, the stabilizer may 
be admi.xed with the colorant, or it may be applied to a substrate to which 
II he aoDlied. Although the reducing agent alone stabilizes a 
25 colorant, it is desirable that the reducing agent is combined wiih one or more 

of the above stabilizers. 

In another embodiment, the colorant stabilizer of the present 
invention is a molecular mcludant having a chemical structure which defines 
at least one cavity The molecular includant may be on or in a substrate to 
30 which (he colorant will be applied, or it may be present in a colorant 

solution. The molecular includant may be. hut is not limited to. clathraies. 
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zeolites, crown eiher;). caiixarencs, vulinon»yc:n lype natural anEibiotics. 
various polyeiher compounds, nigericin type natural antibiotics, and cvchc 
compounds containing a plurality or pyranose rings. The cyclic compound!; 
include, but arc not limited to, cyclodextrins such as a-cyc!ode.xirin. (3- 
5 cyclodcxtrm. y-cyclodextrin. o-cyciodext.nn, and derivatives thereof. .A 

desired molecular includani is cyclodcxirin. A more desired molecular 
includant is v-cyclodextrin. Desirably, the molecular includant is pre.<;ent on 
or in the substrate to which the colorant will bo appiicd. 

The substrates to which the colorant stabilizers are applied include. 

10 but are not limited to, paper, wood, a wood produci or composite, woven 

fabric, nonwoven fabric, textile, plastic, glass, metal, or any other substrate 
that would benefit from having a stabilized coloraai thereon. 

.-Mthough the molecular includani m or on tne substrate stabilizes a 
coiorant that is applied thereto, it is desirable that the colorant is combined 

1 5 with one or more of the above stabilizers. .Additionally, in the embodiment 

w here the molecular includani is present in a colorant solution. ;hc colorant 
stabilizing molecules can be associated with one or more molecular 
includants. .Additionally, the includants can have multiple colorant 
stabilizing molecules associated therewith. In some embodiments, the 
20 colorant is at least partially included within a cavity of the molecular 

includani and the colorant stabilizing molecules are as.sociated wMth the 
molecular includant outside of the cavity. In some embodiments, the 
colorant stabilizing molecules are covalently coupled to the outside of the 
molecular includant. 

25 In another embodiment, a colorant stabilizer, such as a molecular 

includant. is present in a polymer coating of a heat transfer product, such a^ 
is used for transferring graphic images onto clothing. 

In another embodiment, a ccloranl stabilizer contains porphines that 
have an extremciy short triplet state lifetime. (See e.g.. Kubat, ei al., 

30 Photophysicat properties of metal complexes of meso-teirakis (4- 

suiphonatophcnyi) porphyrin. / Phowdiem. and Photbio. A: Chemistry- 96 
(1996). pgs 93-97 which is incorporated herein by reference). .An example 
of such a porphine is represented by Cu-mcso-teiru-(4-sulfanatophenyl)- 
porphine (designated CuTPPS4) and Cu-meso-tetra-(N-methyl-4-pyridyr)- 

35 porphine. having the following structures: 
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molecule has a rcutively shon-lived triplet siaie. 

The colorant bi^bilizing additive can also optionally be dimethyl 
amino benzoic jc:d quai (designated DMABAQ), represented by the 
following structure 
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The coloranc stabilizing additive can also optionally be a basic ruschin 
hydrazone, represented by the following structure: 



In addition, the colorant stabilizing additive of this invention is a 
benzophenone, of the general formula: 



wherein R represents any substituents which permit the 
benzophenone to function as a colorant stabilizer. 

Accordingly, each of these embodiments of the present invention 
provide stabilizmg molecules that, when one or more of the stabilizing 
molecules arc j^NOciated with a colorant, stabilizes the colorant. Therefore, 
the stabiiiZ!r.2 molecules can be used as an additive to any colorant 
composition For example, as cenain of the stabilizing molecules arc poorly 
soluble in aier. they can be directly added to solvent or oil based (not 
water based i colorant compositions. Additionally, the stabilizing molecules 
can be added to other colorant compositions thai contain additives enubling 
the solubilization of the stabilizing molecule therein. Funher. the stabilizing 
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molecules can be solubilized in an aqueous "^oiutiun bv aaachins: ihe 
molecule 10 a large water soluble molecule, such as a cvclodcxirm. 

The colorant stabilizers arc panicularly effective in ink jet inks. Use 
ot' the colorant stabilizers, as described herein, intensifies the colors und 
Stabilizes the colors when exposed to light. Additionally, -he colorani 
stabilizers are particularly effective in paper such as ink jet paper. Use of 
the colorant stabilizers in a substrate, as described herein, stabilizes a 
colorant to which it is applied. Also, colorant stabilizers in a substrate has 
been found to have the une.xpectcd result of reducing the ycllowine of the 
substrate itself upon exposure to light. 

These and other features and advantages of the present invention 
will become apparent after a review of the following detailed description of 
me disclosed embodiments and the appended claims. 

Detailed Description of the Invention 

This application is directed to compositions and methods for 
stabilizing colorants against radiation including radiation in the visible 
wavelength range. The compositions and nieihods relating to stabilizing a 
colorani by admixing a stabilizing molecule with a colorant solution will 
first be addressed below. Subsequently, the compositions and methods 
relating to stabilizing a colorani by applying the colorant ;u a treated 
substrate containing a stabilizing molecule will be discussed. 

AdntLxing Stabilizifig Molecules Into Colorani Soluiions. 

The present invention relates to colorant compositions having 
improved stability, wherein the colorant stabilizer is associated with a 
colorant solution. Desirably, the colorant stabilizer is admi.xcd with a 
coLoranf. solmioa The cQioran.r stabilizer is desirably un aryliminealker.e 
compound. Other desired colorant stabilizers are heavy atoms such as the 
iodide ion and phenol derivatives such as triiodophenoL trimethylpheno!. 
and derivatives thereof. Additional colorant stabilizers include reducing 
agents such as sodium ihiosulfate. Funhermore. colorant stabilizers include 
porphines. hydrazones. and bcnzophenones. The colorant stabilizers of the 
present invention are admixed with a colorani to stabilize the colorant when 



the admixture is exposed lo electroniagnitic radiation sucii as anificial ligh: 
or siinitcht. 

The present invention further relates to a method ot' stabiiirine a 
coiorant comprising associating one or more of the colorant >iabiiizers with 
the colorant solution. Optionally, the colorant stabilizer may be associated 
with a molecular inciudant. 

The present invention is panicularly useful for stabilizing mks to be 
used in ink jet printers. Inks used in ink jet primers are described in U.S. 
Patent Application No. 08/461,365 filed n June 5. 1995. which is 
incorporated herein by reference. 

Thus, in one embodiment, the aryliminealkene stabilizing 
composition is shown by the following general formula: 



wherein Ri is hydrogen, an alkyl. alkenyl. cycloaikyl. 
hcterocycloalkyl. aryl, heteroaryl group, or substituted aryl group. 

R2 is hydrogen, an alkyl, alkenyl. cycloaikyl. hcterocycloalkyl. 
aryl, heteroaryl group, or substituted aryi group: 

R3 is hydrogen, an alkyl. alkenyl. cycloaikyl. heierocycloalkyl. 
ar>'l. heLcroar>'l group, or substituted aryl group; 

R4 is hydrogen, an" alkyl. alkenyl. cycloaikyl. heterocycloalkyl. 
aryl. heteroaryl. or substituted ao'l group: and 

R5 is an aryl. heteroaryl, or substituted ar>'l group: 

wherein Ri. R2. or R4 are an ar>'l. heteroaryl, or substituted an-'l 

group. 

Desirably, the alkene group is in the trans configuration. 

Desirably, the aryliminealkene stabilizing compound has the 
following formula. 



•C— C 
il \ 
N F 



R2 



N 




or 
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N 
II 

H=CH — C-CH. 



or 




N 
II 

C-CH=CH-CHj 

Accordingly, this embodimcnl of the present invention provides a 
5 stabilizing molecule, the above aryliminealkene. which when associated 

with a colorant, stabilizes the colorant. Therefore, the above 
ars'liminealkene can be used as an additive to any colorant coniposition. For 
example, as certain of the aryliminealkene compounds are poorly water 
soluble, they can be directly added to solvent or oil based i not water based) 

10 colorant compositions. Additionally, the aryliminealkene compound can be 

added to other colorant compositions thai contain additives enabling the 
solubilization of the compound therein. Further, the arylimmcalkcne 
stabilizing compounds can be solubilized in an aqueous solution by 
associating the compound with a large water soluble molecule, such as a 

1 5 cyclodexirin. 

The term "composition" and such variations as "colored 
composition" arc used herein to mean a colorant and one or more colorant 
stabilizers of the present invention. The composition can optionally include 
molecular includant. 

20 As used herein, the term "colorant" is meant to include, without 

limitation, any material which typically will be an organic material, such as 
an organic colorant or dye. The term is meant to include a single material or 
a mixture of two or more materiais. 

The term "light-stable" is used herein to mean that the colorant. 

25 when associated with one of the colorant stabilizing molecules of the present 

invention, is more stable to electromagnetic radiation, including, but not 
limited to, sunlight or artificial light, than when the colorant is not 
associated with such a compound. 
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The term **nrio!ecular inciudant, " as used herein, is !n:endoi to n-ean 
any substance having a chemical structure which defines at iea>t one cavuv. 
That IS- the molecular includani is a cavity-contatnins structure. A> used 
herein, the term "cavity" is meant to include any opcninc or space of a size 
5 sutTicicnt -vO accept at least a ponion of the colorant. 

The term 'Tunctionahzed molecular includarit" is used herein to mean 
a molecular includant to which one or more molecules of a colorant 
stabilizer arc covalently coupled to each molecule of the molecular inciudant. 
The term "degree of substitution" is used herein to refer to the number of 
10 these molecules or leaving groups (defined below) which are covalently 

coupled to each molecule of the molecular includant. 

The term "derivaiized molecular includant" is used herein to mean a 
molecular includant having more than two leaving groups covalcraiv 
coupled to each molecule of molecular includant. The term "leaving group" 
15 is used herein to mean any leaving group capable of participating in a 

bimolecular nucleophilic substitution reaction. Examples of molecular 
includants include, but are not limited to. the cyclodexirins. 

The term "artificial light" is used herein to mean light havmg a 
relatively broad bandwidth that is produced from conventional light sources, 
20 including, but not limited to, conventional incandescent light bulbs and 

fluorescent light bulbs. 

The term "thereon" is used herein to mean thereon or therein. For 
example, the present invention includes a substrate havmg a colored 
composition thereon. According to the defmition of "thereon" the colored 
25 composition may be present on the substrate or it may be in the substrate. 

In several embodiments, the colorant stabilizer may be optionally 
associated with a molecular includant. It is to be noted that in all the 
compositions that contain a molecular includant. the number of such 
stabilizer molecules can be between approximately I and approximately 21 
30 molecules per molecular includant. Of course, in certain situations, there 

can be more than 21 molecules per molecular includant molecule. Desirably, 
(here are more than three of such stabilizer molecules per molecular 
includant. 

The degree of substitution of the functionalized molecular includani 
35 may be in a range of from I to approximately 21. As another example, the 
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degree of substitution may be in a range of from 3 to about 10. As a fuaher 
example, the degree of substitution may be m u range of from about 4 to 
about 9. 

In some embodiments of the present invention, the colorant is 
associated with the molecular includant. The term "associated" in its 
broadest sense means that the colorant is at least in close proximjty to the 
molecular includant. For example, the colorant may be maintained in close 
proximity to the molecular includant by hydrogen bonding, vxn der Waals 
forces, or the like. Alternatively, the colorant may be covalently bonded to 
the molecular includant, although this normally is neither desired nor 
necessary. As a further example, the colorant may be at least partially 
included within the cavity of the molecular includant. 

The dye or colorant, for example, may be an organic dye. Organic 
dye classes mcludc, by way of illustration only, triarylmethyl dyes, such as 
Malachite Green Carbinol base ( 4-{dimethy iamino)-a - [ 4 - 
Cdimethylamino)phcnyl]-a-phcnyl-ben2ene-meihanol ) . .Malachite Green 
Carbinol hydrochloride ( N-4-([4-(dimethylamino)phenyi]phenyl- 
methylene]-2.5-cyclohexyIdien- l-ylidenc]-N-mcihyl-methanajninium 
chloride or bis(;5-(dimethylamino)phenyl]phenylmethylium chloride ). and 
Malachite Green oxalate ( N-4-[[4-t dimeihylaminui-pheny I]- 
phenylmethylenej-2.5-cyclohexyidien-l-ylidene]-N-methyl-methanamjnium 
chloride or bis[p-(dimethylamino)-phenyl]phenylmethyliun: oxalate); 
monoar.o dyes, such as Cyanine Black, Chrysoidine (Basic Orange 2: 4- 
(phenylazo)-l,3-benzenediamine monohydrochloride], Victoria Pure Blue 
BO, Victoria Pure Blue B. basic fuschin and B-Naphihol Orange: thiazine 
dyes, such as Methylene Green, zinc chloride double salt [3,7- 
bis(dimeihylamino)-6-nitrophenpihiazin-5-ium chloride, zinc chloride 
double salt): oxazinc dyes, such as Lumichrome (7,S-dimethylaJloxazine); 
naphthalimide dyes, such as Lucifer Yellow CH (6-amino-2-iihydrazino- 
carbonyl)aminol-2.3-dihydro-l,3-dioxo-lH-benz(dcliso-quinolineo,8- 
disulfonic acid diltthium salt); azine dyes, such- as Janus Green B (3- 
{dicthylanuno)-7-([4-(dimethyl-amino)phenyllazo]-5-phenylphenazinium 
chloride}; cyanine dyes, such as Indocyanine Green (Cardio-Green or Fox 
Green; 2-(7-( 1 .3-dihydro- 1 . 1 -dimeihyl-3-(4-sulfobutyl).2H-benz(e]indol- 
2-ylidene]- 1 .3.5-heptatricnyll- 1 . 1 -dimethyl-3-(4.suifobuiyl)- 1 H- 
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benz(e)mdolium hydroxide inner biili sodium sail); ind'.go dyc.s. such j>. 
Indigo (Indigo Blue or Vat Blue 1; 2-( 1 .3-dihydro-3-o.\o-2H-indoi-2- 
ylidene)- l,2-dihydro-3H-indoI-3-one ); coumarin dyes, such a.s 7-hydroxy- 
4-methyl-coumarin (4-methyIumbelliferone); benzimidazole dyes, such as 
5 Hoechst 33258 (bisbenzimide or 2-(4-hydroxypheny!)-5-(4-methy[- 1- 

piperazinyl)-2.5-bi-l H-benzimidazoie irihydro-chloride peniahydracc j: 
paraquinoidal dyes, such as Hemaioxylin {Naeural Black I. 7.11b- 
dihydrobenz(bl-indeno[i.2-dlpyran-3.4.6a.9.10f6H)-penioll; tluorcsccin 
dyes, such as Fluoresceinamine {S-ammotluorescein); diazonium salt dyes. 
10 such as Diazo Red RC (Azoic Diazo No. 10 or FaM Red RC salt: 2- 

meihoxy-.S-chlorobenzenediazonium chloride, zinc chloride double salt); 
azoic diazo dyes, such as Fast Blue DB salt (Azoic Diazo No. 20; 4- 
benzoylamino-2.5-diethoxy-benzenc diazonium chloride, zinc chloride 
double salt); phenylenediamine dyes, such as Disperse Yellow 9 [N-f2.4- 
15 diniirophenyl)-1.4-phenylcnediaminc or Solvent Orancc 53]; diazo dyes. 

such as Disperse Orange 13 (Solvent Orange 52; ! -phenylazo-4-(4- 
hydroxyphenylazo)naphthaIene]; anihra-quinone dyes, such as Disperse 
Blue 3 (CcUiton Fast Blue FFR: i-meihylamino-4-(2-hydroxye[hylarmno)- 
9,10-anthraquinonel, Disperse Blue 14 (Celliton Fast Blue B; 1.4- 
20 bis(methylamino)-9.10-anthraquinone]. and Alizarin Blue Black B 

(Mordant Black 1 3); trisazo dyes, such as Direct Blue 7 1 1 Benzo Light Blue 
FFL or Sinus Light Blue BRR; 3-[(4-[(4-l(6-amtno-l-hydroxy-3-sulfo-2- 
naphihalenyl)azo]-6-sulfo-l-naphthalenyl)-azol-l-naphihalenyhazol-1.5- 
naphihalenedisulfonic acid tctrasodium salt); xanihcne dyes, such as 2.7- 
25 dichloro-fluorcscein; proflavine dyes, such as 3.6-diaminoacridinc 

hemisulfaie (Proflavine); sulfonaphihalein dyes, such as Cresol Red (o- 
cresolsulfonaphthalein): phthalocyanine dyes, such as Copper 
Phthalocvaninc | Pigment Blue 15; (SP-4. 1 )-(29H.3 1 H-pmhalocyanato(2- }- 
N'^.N"^ .N^^N^"]copperl; carotenoid dyes, such as trans-8-carotene 
30 (Food Orange 5); caraunic acid dyes, such as Carmine, the alun^inuni or 

calcium-aluminum* lake of carminic acid (7-a-D-glucopyranosyl-9. 10- 
dihydro-3,5.6.8-ietrahydroxy- ! -methyl-9. lO-dioxo-2-anthracene- 
carbonylic acid); azure dyes, such as Azure A [3-amino-7- 
(dimcihylamino)phenothiazin-5-ium chloride or 7-(dimethyl-amino)-3- 
35 imlno-3H-phcnothia2ine hydrochloride); and acridine dyes, such as 
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Acndine Orange [Basic Orange 14; 3.8-bis(dimethylaminoiacridine 
hydrochloride, zinc chloride double saltj and Acrifiavme (Acrirlavme 
neutral: 3.6-diamino- 10-mcthylacridiniunn chloride niixiure with 3.6- 
acridine-diamine). 

In preparing the aryliminealkene colorant stabilize: of the present 
invention, one can, for example, start with a chalcone which is represented 
by the following formula: 



o 

II 

C— CH=CH 




It is to be understood that the phenyl groups on the chaJcone can be 
10 substituted with a wide variety of substiiuent.s. The chalcone is then reacted 

with a primxn,- amine having the following general formula: 

NH2'R 

wherein R is an aryl. heieroaryl. or substituted aryl group. A desirable 
primary amine is 2 amino benzene sulfonic acid. The reaction is carried out 
15 in a nonaqueous solvent such as absolute alcohol. The resulting compound 

has the following general structure: 



R 




Accordingly, the colorant stabilizer of the present invention is an 
a^^'li^aJncalkene having the following ucneral fonnula: 

N 

R^— C-CH=CH— R2 



wherein if Rj is an aryi group, then Ri is a hydrogen; heterocyclic; aikyl; 
aryl, or a phenyl group, the phenyl group optionally being substituted with 
an alkyl. halo. ammo, or a thiol group; and if R2 is an aryl group, then R| 
is hydrogen; heterocyclic; alkyl; aryl. or a phenyl group, the phenyl group 
25 optionally bemg substituted with an alkyl, halo, amino, or a thiol group. 

R3 is an arvL heieroaryl. or substituted aryl group. Desirably, the alkene 
group is in the u^ns configuration. 
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Desirably, tiic aryliminealkcnc sciibilizing compound has the 
rol lowing t'ormuia: 

HO,S 

or 

HO,S I 

i 

N 




N 



C-CH=CH-CH; 

The SO3H group can be in ihe ortho, meia or para position. 
Yet another embodiment of the aryliminealkene compound is an 
10 iminc adduct of basic I'uschm and is shown in the following formula: 
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The imine udduci ot' basic r'uschin can be Nvnthesized according lo Example 
7 below. 

In ihe embodimeni where the aryliminealkene compound is 
covalentiy attached to another moiccute. whichever R | or R] that is an arvi 

5 sroup will have a group including, but not limited to, a carhoxylic acid 

Group, an aldehyde group, an amino group, a haloalkyi group, a hydroxyl 
eroup. or a thioalkyi group attached '.hereto to allow the arv'liminealkene to 
be covalentiy bonded to the other molecule. .Accordingly, the 
arvlimmealkenc stabilizing compound is represented by the following 

10 formula: 

R 



or 



or 



15 

or 




wherein R i>i an ar>*l. heteroaryl. or substituted aryl group. Although it is 
preferred that the group attached to the arv l group is para to the remainder of 
• 20 the stabilizer molecule, the group may also be onho or mcta to the remainder 

of the molecule 

Accordingly, this embodiment of the present invention provides a 
stabilizing arvlimineaikene which, when associated with a colorant, 
stabilizes the colorant. Therefore, the above aPr liminealkenes can be used 
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as nil additive lo any colorant composition. For example, if the 
an-'liinineaikene compound is not water soluble or is poorl;- water soiubic. it 
can be directly added lo solvent or oil colorant compositions. Additionally, 
the aryiiniinealkene compound can be added to other colorant compositions 
5 chat contain additives enabling the solubilization of the compound therein. 

This embodiment provides a method for stabilizing a colorant by 
admixing the aryliminealkene compound with the colorants in an amount 
effective to stabilize the colorant. The arvliminealkene deMrably should be 
present in the colorant solution at a concentration of approximate O.I 

10 507c by weight, desirably between approximately 209c anc }09c ?■ ::ghi. 

In other words, the ar>Miminealkene .should be equivalent m concer ,iion to 
the colorant or should be at a higher concentration than tt:e colorant. If no 
cvclodextrin or cerivatized cyclodexirin is used, the desirable ranye is 
approximately 1 pan dye to approximately 20 pans ar> iimi-ealkene. 

15 Although the ar>'liminealkene compound need only he associated 

with the colorant, in some embodiments of the presen: invention, the 
arv'liminealkene compound may be covalenily bonded to the colorant. 

Another embodiment of the present invention i^ arruno sulfonic acid 
represented by the following formula: 

20 

The SO3H group can be in the onho. meia or para position. 
Another embodiment of colorant stabilizers include derivatives of 
phenols with the following general formula: 



25 vr herein R\ is iodine, or an alkyl group having between 1 and 5 

carbon atoms. 

Rt li an iodine, or an alkyl group having between I and 5 carbon 

atoms; 
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R3 is iodine, or an aikyl group havmu between I iind 5 carbon 
atoms; and 

R4 is a hydrogen, sugar, poiyhydroxy compound, sulfonic acid salt 
compound, carboxylic acid salt compound, polyether compound, or 
5 hydrogen, wherein the sugar includes, but is not iimted 10. glucose. 

fructose, polyether sugars, monosaccharides, polysaccharides, 
cyclodextrins. including but not limited to. a-cyclodexirin, [J-cyclodextrin, 
y-cyclodextrin. hydroxy propyl 3-cyclodextrin. liydroxyethyl 3* 
cyclodextrin. hydroxyethyl a cyclodexirin. carboxymethyl a cyclodextrin. 
10 carboxymethyl 3 cyclodextrin, carboxymethyl y cyclodexirin. octyi 

succinated a cyclodextrin. octyl succinaied p cyclodextrin. octyl succinated 
Y cyclodextrin and sulfated 3 cyclodextrin and sulfated y-cyclodextrin. 

The phenoi derivatives arc desirably added to the colorani solution at 
a concentration of between 0.5 and 10 molar equivalents to the 
1 5 concentration of the colorant. 

A desired colorant stabilizer is triiodophenoi (Aldrich). The 
triiodophenol has the following formula: 




I 

The triiodophcnolates are desirably added to the coiorant solution at a 
20 concentration of between 0.5 and 10 equivalents to the concentration of the 

colorant. 

A desired colorant stabilizer includes irimethylphcnol and derivatives 
thereof. The irimethylphenols have the following formula, wherein one or 
more of chc methyl groups may be substituted with anoTher alkyl or alkenyl 
25 group: 

CH3 

CH,-H^()y-OH 
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25 



The irimeihylphenols are desirably added lo ihc colorant solution at a 
concentrai.on of between 0.5 and 10 equivalents to the concentration of the 
colorant. Similarly, another desired colorant stabilizer .s tr„odo?henol. 
which is desirably added to the colorant solution at a concentrai.on o. 
between 0.5 and 10 equivalents to the conceniration of (he colorant. 

Further, the water solubility of the stabilizing compounds, including 
but not l.m.icd to the aryl.minealkenes or tri.odophenols or the 
cr,methvphenols. can be increased by a variety of means. The des.rable 
means of increasing the water solubil.ty of th. phenol-based stab.l.zmg 
compounds .s to add a water soluble .noiety to the hydro-.y! group on the 
phenol. In this embodiment. R. of the above phenol figure ,s a sugar, 
polvhvdro.xv compound, sulfonic acid salt co.npound. carboxylic ac.d sal. 
compound, or polyether compound, where.n the sugar mcludes. but .s not 
l.m.ted to. .lucose. fructose, poiyethcr sugars, monosacchar.des. 
polysaccharide, cyclodextrins. -nclud.ng but not l.mited to, a-cyclodcxtr.n. 
p.cyclodextr.n, y-cyclodextrtn, hydroxypropyi' 13-cyclodextr,n^ 
hvdroxvethvl P-cyclodextrin. hydroxycthyl a cyclodextrin. carboxymethyl 
a cvdodextrin. carboxymethyl P cyclodextnn. carboxymethyl 7 
cvclodextrin. octyl succnated a cyclodcxtr.n. octyl succinated P 
cidodexain. octyl succinated .cyclodextrtn and sulfated P oclodextnn and 

sulfated Y-cvclodcxtrin. 

Accordingly, in one embodiment of the present invention the means 
of increa.sinc the water solubility of the stabiliz.ng compounds ot the present 
.nvcntion is" to react the phenol with a sugar, to produce the following 




I^^OR 

i 
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wherein R is any group capable of r^^nderine ihe phenol mor-j water soluble. 
More pariicularly. the R group Tiay be. but is not it n>ued lo a bugar. 
polyhydroxy compound, sulfonic salt compound, carboxylic acid sail 
compound, or polycther compound, wherein ihe sugar inci-jces. but is not 
5 limited to. glucose, fructose, polyeiher sugars, trio.iosaccharides. 

polysaccharides, cyclodextrins. including but nc: limited to. a-cyclodcxtrin. 
p -cyclodextrin. y-cyclodextrin. hydroxypropyl (i-cyclodcxtrin. 
hydroxyethyl P-cyclodextrin, hydroxyethyl a cyclodextrin. carboxymethyl 
a cyclodextrin, carboxymethyl B cyclodextrin, carot)xyme[hyl y 
10 cyclodextrin, octy! succinated a cyclodextrin. ociyi buccinated P 

cyclodextrin. octyl succinated vcyciodcxinn and sulfated P cyclodcxtnn and 
sulfated Y-cyclodextrm.. A desired R group :^ 1 .2-o-iso?ropylidcne-D- 
glucofuranose. The resultant desirci stabilization compour j ;s represented 
by the following figures 



15 

or 




Examples 21. 22 and 24 describe how to prepare the above water 
soluble phenols. A more desired R group is glucose, where the kctal group 
20 or the above phcnoi-sugar compounds has been removcu as describecl in 

Examples 23 and 25 producing the stabilizing compounds -hewn below. 




or 
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OCH^-CH 




The colorant stabilizer compounds above in which the ketal group 
has been removed is a more desired stabilizer compound as it is more water 
soluble than if the ketal group is present. 

Another desired colorant stabilizing compound is 3-{2,4.6- 
:riiodophenoxy)- 1 ,2-propancdioL as shown below 



OH 

I 

OCH2CHCH2OH 
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Another means of increasing the water solubility of the stabilizing 
compounds of the present invention is to associate the compound to a large 
water soluble molecule, such as a cyciodextrin or desirably a derivatized 
cyclodextrin. Desirably, the derivatized cyciodextrin is ethylhydroxy P- 
cyciodextrin. An example of such a covalent association of the stabilizing 
compounds is the triiodophcnol or the trimethylphenol covalently bound 
wich an ethylhydroxy (i-cyclodextrm as represented in the following 
formulas: 




O-CH.— CH: + CD 




11 



v^. herein n = 1 to 2 I and CD = cyclodextrin. The aryliniinculkenes can he 
covaienilv attached to the Li-cyclodcxinn via any suitable lunctional group. 
An example of such an as.^ociation is represented jn the follou ing t'ormuia: 



R 

I 



N O N 

=CK^C— /Q) C-0-CH:-CH:4cD 

/ n 



wherein R is an aryi. heieroaryl. or suhscituted aryl group. n= I to 2 i and 
CD = B-cvclodextnn. It is to be understood that any of the aryMimineaikenes 
can he covalenily attached lo the derivaiized cyclodextrin through the 
appropriate functional groups. The water solubility of the triiodophenols or 
the irimethvphenolb can be increased bv adding a soluble compound to the 
molecule. 

The a.ssociaiJon can be an admixture or can be a covalent attachment. 
Desirably, between about 1 and 12 stabilizing molecules can be attached to a 
cyclodextrin molecule. More desirably, between about 4 to about 9 
stabilizing molecules are aitached to a cyclodextrin molecule. Accordingly, 
the stabilizing compound aaached to cyclodextrin can be added to any 
aqueous colorant system to stabilize the colorant therein, li is to be 
understood that the stabilizing ao'limincalkenes do not have to be at;ached to 
the molecular includants to exhibit their stabilizing activity. 

Although not wanting to be limited by the following, ii i> thought 
that the stabilizer compounds of the present tnvemion exhibit e.\celleni 
stabilizing properties as their high water solubility maintains the amount of 
additive present in solution over time, so that the additive contmues to 
provide its stabilization properties to the admixture. A stabilizing additive 
precipitating out of a colorant composition negatively impacts the 
corr.pcsiuon -is le^^ of ihe stabilizer remains in the solution, and therefore 
the colorant composition is less stabilized. Further, if the stabilizing 
additive is used in ink jet inks and canridges. such precipitation can clog the 
ink jet printer and can other wise negatively impact the printing qjality ot 
the ink. A surprising and unexpected feature of the present invention is that 
the stabilizing compound is extremely water soluble, and does not 
precipitate out of ink solutions over time. 
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A (hird ciasb of coioran*. siabilizers that arc considered pari of the 
present invention are heavy atom^ such as iodide. These compounds are 
desirably associated with large counterions such as sodium or larger. It has 
been determined thai smaller counterions. such as potassium, provide poor 
5 stabiiiz.ation of the colorants. The desirable salt is sodium iodide. Another 

desirable salt is teirameihyl ammonium iodide. The preferred concentration 
of the heavy atoms is between appro.ximately 0.5 to 5 mole equivalents. 
The iodide salt is added lo the colorant before exposure lo the 
electromagnetic radiation. 

10 llxamples 26 and 27 report the fade testing results of Hewlett 

Packard magenta ink admixed with various combinations of stabilizing 
compounds of the present invention. More particularly. 3 molar equivalents 
of the trimethylphcnol sugar produced in Example 23. 4 molar equivaient> 
of the triiodophenol sugar produced in Example 25. and iw-o molar 

15 equivalents of sodium iodide were adtnixcd with HP magenta ink having 

already admixed therein 2^c by weight 6-hydroxycthyl cyclodextrin. It is to 
be understood that the molar equivalents of the various stabilizing 
compounds can be varied. In comparison with the ink on the control sheets 
of paper and transparencies, the above described ink on paper and 

20 transparencies was much more stable. tSee the tables in Example 26. and 

Example 27). 

It is desirable that a colorant solution be stabilized with one or more 
of the following components in the following amounts: 2 to lO^a w i/wt 
cyclodextrin or derivative thereof; 4-6% wt/wi of an arylimineaikene 

25 stabilizer of the prsbcnt invention; 0.25 to 2 molar equivalenis (eq) of an 

iodide; 2 to 7 eq o\ a triiodophenol sugar; 2 to 7 eq of a trialkyl phenol 
.sugar; and 2 to 3 eq of ascorbic acid. More desirably, the colorant solution 
is to be stabilized with 2 to lOTc wtVwt hydroxycthyl cyclodextrin; 4-6'7c 
wt/wt of an aryiimmealkene stabilizer of the present inveniion; 0.25 to 2 

30 molar equivalents icq) of sodium iodide or teiramethyl amine iodide: 2 to 7 

eq of a triiodophenol sugar; 2 to'7 eq of a inmethyl phenol sugar; and 2 to 3 
eq of ascorbic acid. It is to be understood that units of "eq" or "molar 
equivalents" for stabilizing additives refers to molar equivalents of the 
stabilizing additives with respect to the dye. Additionally, it is to be 
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understood thai uniis of "-vvt/wt'" tor stabilizing addiiives refers to the weight 
of (he additive with respect to the weight of the ink or colorarit solution. 

In another embodiment, a colorant solution is stabilized with the 
following: 4-10% fuschin inline adduct (Example 7i; 0.25 to 2 eq of an 
iodide ion; and 2-l09t [}-cyclodextrin. desirably liydroxyeihyl P- 
cyclodextnn. 

In another embodiment described in Example 37, a colorant 
stabilizer, such as a molecular includant. is present m a polymer coaling of a 
heat transfer product, such as is used for transferrmg graphic images onto 
clothing. 

In another embodiment described in Example 3S. a colorant 
stabilizer is represented by the porphine.s Cu-nu'so-tetra-t 4- 
sulfanatophenyD-porphine (designated CuTPPS4) and Cu-meNO-tetra-t N- 
methyl-4-pyridyl)-porphinc (designated CuTMPS4), liaving the following 
structure: 

HOiS .^0_;H 




HO,S 



SO3H 



or 



wo :oo(nt 




wherem the copper ion can also be substituted with a cobalt ion. It is also 
understood that in the case of CuTPPS4 or CoTPPS4. the sulfuric acid 
nnoicties may be substituted with salts when in solution, such as sodium 
5 salts. The colorant solution may be stabilized with about 0.1 7f to [0% 

wt/wt porphine, more preferably about 0.3^r to 1% wt/wt porphinc. and 
more preferably about 0.59c wt/wt porphine. 

In another embodiment described in Example 38. the colorant 
stabilizing additive can also optionally be dimethyl amino benzoic acid quae 
10 (designated DMABAQ). represented by the foilowing structure: 

CHj . . p CH, 

N — ((~^V-CC>C [ C H , N-C H 3 

The colorant solution may be stabilized with about 0.1% to 15% 
wt/wt DM.\BAQ. more preferably about 0.5% to 10% wt/wt DMABAQ. 
and more preferably about 1% to 5% wt/wt DMABAQ. 
1 5 In another embodiment descnbed in Example 39. the colorant 

stabilizing additive can also optionally be a basic fuschin hydrazone. 
represented by the following str\jciure: 



Best Available Copy 

wo :floou ITT rs^h/i'iioy 



26 




The coloriini soiuiion may be stabilized wuh abou: 0. 1 lo i 5^f 
wL/wt hvdrazone. more preferably about 0.5*:^^ ro wywi hydraione. 
•and more preferably about \% to 5% wt/wc hydrazonc. 
5 In addition, another embodiment of the colorant stabilizing additive 

of this invention as described in Example 40, is a bcnzophenone. of the 
general formula: 

wherein R represents any substituents which permit the 
10 benzophenone to function as a colorant stabilizer. The colorant solution 

may be stabilized with about 0.019c to iD^c wt/wt benzophenone. more 
preferably about 0.39o to 5% wt/wt benzophenone. and more preferably 
about 0.5% to \% wt/wt benzophenone. 

Although not wanting lo be limited by the following, it is theorized 
15 that the above stabilizing compounds of the present invention, either 

admixed with a colorant solution or on or in a substrate to which the 
colorant is applico. act by quenching the excited state of a dye molecule by 
efncicnily returnmc a to a ground state. This reduces the likelihood of an 
oxidative or other chemical reaction occurring which would render the dye 
20 chromophorc colorless. 
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The quenching process can occur by a number of processes. One 
such process is referred to js the heavy atom effect (tniernj! or external) in 
which atoms with a high atomic number, such as lodme znd xenon, can 
cffeci the excited electronic transitions of the dye molecule by aiiowine here 
to fore forbidden electronic transitionii to occur and by decreasing the 
excited state lir'eiimes. This effect permits the rapid return of the dye to its 
ground state. 

Another quenching process involves back electron iransi'er. in this 
case, quenching of the excited dye molecule occurs thrcush sequential 
electron transfer. The additive or quencher, and dye form an ion pair 
through electron donation within which back electron transfer leads to an 
overall deactivation of the excited energy donor, i.e., the dvc. 

Another quenching process involves a condition in which the 
quencher (additive; molecule has an excited energy state lower than the 
excited dye. In this case, it may be possible to transfer the excited energy to 
the quencher thereby allowing the dye molecule to return to its ground state. 
These mechanisms are more fully discussed in Chemistry and Light . 
Suppan. P., Published by The Royal Society of Chemistry. 1*^94, pgs 65 - 
69 which is incorporated herein by reference. 

In all cases, it is optionally desirable to add a molecuiar includant to 
the colorant solution. The molecular includant can be inorganic or organic 
in nature. In certain embodiments, the chemical structure o: -he molecular 
includant is adapted to form a molecular inclusion cotiiplex. Examples of 
molecular includants are, by way of illustration only, clathrates or 
intercalates, zeolites, and cyclodextrins. Examples of cyclodcxtrins include, 
but are not limited to. a-cyclodextrin. p-cyclodcxtrin, y-cyclodexirin, 5- 
cyclodexirin. hydroxypropyl p-cyclodextrin, hydroxyethyi P-cyclodexirin. 
hydroxyethyl a cyclodexirin, carboxymethyl a cyclodexirin. 
carboxymeth> I [J cyclodextrin, carboxymethyl y cyclodexirin, octyl 
succinaied a c>c!odextrin. octyl succinated p cyclodexirin. octyl succinated 
y cyclodextrm ar.d sult'ated P cyclodextrin and sulfated y-cyclodextrm 
(American Ma. zc- Products Company, Hammond, Indiana). 

The term "derivaiized cyclodextrin'* as used herein means a 
cyclodextrin having more than two leaving groups covalently coupled to 
each molecule of cyclodextrin. The term "leaving group" is used herein to 
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mean any leavinu group capable of pariicipaiins in a bimolecuiar 
nucieophilic .subsiituiion reaction, hxumplcs of derivatized cyclodextrin 
inciudes, but is not limited lo. bydroxypropyl p-cyelodextrin, hydroxyethyl 
P-cyclodextrin. hydroxyethyl a cyclodextrin. carboxymethyl a 
5 cyclodextrin. carboxymethyl p cyclodextrin. carboxymethyl ycyclodextrin. 

octyi succinated a cyclodextrin. octyl succinated P cyclodextrin. octyl 
succinated y cyclodextrin and sulfated P and y-cyclodexErin. A desired 
derivatized cyclodextrin is ethylhydroxy P-cyclodcxtrin. 

A desired molecular includant is y-cyclodextrin. Another desirable 
1 0 molecular includant is p-cyclodextnn. In other embodiments. :he molecular 

includant is an ethyl hydroxy p-cyclodextrin. Although not wanting to be 
bound by the following theory, it is believed that the mo-ccuiar includant 
inhibits the aggregatiorr of the colorant molecule in >olution. Other 
augregaiion inhibitors that can be used in practicing the preseni invention are 
15 starches, pectins, amyloscs. ciathraies and the crown ethers. It is to be 

understood that the addition of derivatized cyclodexirins to an ink 
formulation for the purpose of inhibiting aggregation and/or stabilizing the 
dyes in the inks is considered one aspect of the present invemion. 

In some embodiments, the colorant and the colorant stabilizers are 
20 associated with the molecular includant. The term "associated", in its 

broadest sense, means that the colorant and/or the colorant stabilizers arc at 
least in close proximity to the molecular includant. For example, the 
colorant and/or the colorant stabilizers can be maintained in close proximity 
to the molecular includant by hydrogen bonding, van der Waals forces. 
25 ionic bonding, hydrogen bonding, dipole-dipole interactions or the like. 

Alternatively, either or both of the colorant and the colorant 
stabilizers can be covalently bonded to the molecular includant. In cenain 
einbodimtnts. '.he colorant v/ill be associated with the molecular includant 
by means of hydrogen bonding and/or van der Waals forces or the like. 
30 while the siabilizmg molecule is covalently bonded to the molecular 

includant. In other embodiments, the colorant is at least panially included 
within the cavity of the molecular includant. and the colorant stabilizer is 
located outside of the cavity of the molecular includant. 

As a practical matter, the colorant, the colorant stabilizer and 
35 molecular includant are likely to be solids depending upon the constituents 
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used to prepare ihe molecules. However, any or all of such rPiate rials can be 
a iiquid. The colored composicion can be a liquid either because one or 
more of its components is a iiquid. or. when the molecular includani is 
organic in nature, a solvent is employed. Suitable solvents include, hut iirc 
5 not limited to, amides, such as N.N-dimeihyllormamide; sulfoxides, such 

as dimcthylsulfoxide; ketones, such as acetone, methyl ethyl ketone, and 
methyl butyl ketone; aliphatic and aromatic hydrocarbons, such as hexane. 
octane, benzene, toluene, and the xylenes: esters, such as ethyl acetate: 
water: and the like. . When the molecular includant is j cyciodextrin. 

10 panicuiariy .suitable solvents are the amides and sulfoxides. 

In an embodiment where the composition of the present invention is 
a solid, the effectiveness of the above compounds on the colorant is 
improved w'hen the colorant and the selected compounds jre in intimate 
contact or in an association that approaches van dcr Wauls radii. To this 

15 end. the thorough blending of the components, alonu with othe: 

components which may be present, is desirable. Such blending generally is 
accomplished by any of the means known to those having ordinary skill in 
the art. When the colored composition includes a polymer, blending is 
facilitated if the colorant and the colorant stabilizer are at least panly soluble 

20 in softened or molten polymer. In such case, the composition is readiK 

prepared in, for example, a two-roll mill. Alternatively, the composition of 
the present invention can be a liquid because one or more of its components 
is a liquid. 

For some applications, the composition of the present invention 
25 typically will be utilized in paniculate form. In other applications, the 

panicles of the composition should be very small. Methods of forming 
such panicles are well known to iho.sc having ordinar\' skill in the an. 

The colored composition optionally may al.so contam a carrier, the 
nature of which is well known to those having ordinary skill in the art. For 
30 many applications, the carrier will be a polymer, typically a thermosetting o: 

thermoplasiic polymer, with the latter being the more common. 

Examples of thermoplastic polymers include, but are not limited to. 
end-capped polyacetals, such as poly(oxymethylene) or poly formaldehyde. 
poly(trichloroacetaldehyde). poly(n-valeraldehyde). poly{acctaldehydc). 
35 poly(propionaldehyde). and the like: acrylic polymers, such Jb 
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polyacrylainide. poly(acryiic acid), polyi tneihacrylic acid). polyieihyi 
acrvlnic), polytmeihyi methacrx'latej. and the like: tluorocarbon polymers, 
such as polylicirafluoroethyiene 1, perfluorinated eihylenepropylene 
copolymers, eihylene-tetranuoroethyienc cupolymers. poly-(ch!ofotrinuoro* 
ethylene), ethyleae-chloroiririuorocthylcne copolymers, poIyi vinyiidene 
fluoride). poly(vinyl tluoride). and the like; epoxy resins, such as the 
condensation products of epichlorohydrin and bisphenol A: polyamidcs. 
such as poly(6-aminocaproic acid) or poly(e-caprolactan\), poly(hexa- 
methylene adipamide). polyihexamethylene scbacamide). polydl- 
aminoundecanoic acid), and the like; polyaramides. such as poly(imino- 1 .3- 
phenyleneiminoisophihaioyh or polyim- phenylene isophihalamide k and 
the like; parylenes, such as poly-/7-xy!ylene. poly(chloro-/;-xylene ). and the 
like; polyaryl ethers, such a^ poly(oxy-2.6-dimethyM ,4-phenylenei or 
polyip-phenylene oxide), and the like; polyaryl sulfones, such as puly(oxy- 
1 .4-phenylenesulfonyl-l,4-phenyleneoxy-l.4-phenylene-isopropylidene- 
1 .4-phenylene). poly(sulfonyl- 1 .4-phenyleneoxy- 1 ,4-phenylcncsulfonyl- 
4.4-biphcnylene). and the like; polycarbonates, such as poly(bisphenol A) 
or poly(carhonyidioxY- 1 .--phenyleneisopropylidene- 1 .4-phenylene ). and 
the like; polyesters, iuch as poly(eihyicnc lerephihalate ). 
poly( tetramethylene lerephthalaie ). polyicyclo-hexylcne- 1 .4-dimeinylene 
t e r e p h t h a I a t e ) or p o 1 y t o x y - m c t h v i e a e - I . 4 - 

cyclohexylencmeihyleneoxyierephthaloyl). and the like; poiyarv'l sulfides, 
such as poly(;5. phenylene sulfide) or polyithio-L4-phenylene). and the like; 
polyimides. such as polyi pyromellitimido- L4-phenylene). and the like; 
poiyolefms. such as polyethylene, polypropylene, poly( l-butene). poly(2- 
buiene). poly( 1 -pentene). poly(2-pcntene). poly(3-methyl- 1 -pcntene ). 
poly(4-methyl- 1 -pentene ). 1 .2-poly- 1 .3-butadiene. 1 .4-poly- 1 .3-butadiene. 
polyisoprene. polychloroprene. polyacryloniinle, polytvinyl acetate), 
poly(vinylidene chloride), polystyrene, and the like; and copolymers ot the 
foregoing, such as acryloniirile-buta-dienestyrene (ABS) copolymers, 
styrene-n-butylmethacrylate copolymers, ethylene-vinyl acetate copolymers, 
and the like. 

Some of the more commonly used thermoplastic polymers include 
styrene-n-butyl methacrylate copolymers, polystyrene, siyrene-n-butyl 
acrylate copolymers, styrene-butadiene copolymers, polycarbonates. 
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polyt tiie-hyl methacryiatc). polyi vmyiidcnc ftuondei. po'vamidcs vnvlon- 
12). poiyeihylcnc, polypropylene, ethyienc:-vinyl aceuie copolvmers, and 
epoxy resins. 

Examples of thermosetting polymers include, but are noi limited to. 
alkyd resins, such as phthalic anhydride-glycerol resins, maleic acid- 
glycerol resins, adipic acid-glycerol resins, and phthalic anhydride- 
pencaerythritol resins; allylic resins, in which such monomers as diallv! 
phthalate. diallyl isophthaiate diallyi maleate. and diaJlyl chlorendate serve 
as nonvolatile cross-iinking agents in polyester compounds: amino resins, 
such as aniline-formaldehyde resins, ethylene urea-formaldchyde resins, 
dicyandiamidc-formaldehyde resins, melamine-formaldehyde resins, 
sulfonamide-formaldehyde resins, and urea-fornialdehydc resins; cpoxy 
resins, such as cross-linked epichlorohydrin-bisphenoi A resms; phenolic 
resins, such as phenol-formaldehyde resins, including Novolacs and resols; 
and thermosetting polyesters, silicones, and urcthanes. 

In addition to the colorant, colorant stabiiizer, and optional 
molecular includant, the colored composition of the p.^-esent invention also 
can contain additional components, depending upon the application for 
which it is intended. Examples of such additional components include, but 
are not limited to. charge carriers, stabilizers against thermal oxidation, 
viscoclastic properties modifiers, cross-linking agents, plasticizers. charge 
control additives such as a quaternary ammonium salt; flow control 
additives such as hydrophobic silica, zinc stearaie. calcium stearaic. lithium 
stearate, polyvinylstearate. and polyethylene powders: and fillers such as 
calcium carbonate, clay and talc, among other additives used by those 
having ordinary skill in the art. Charge carriers are well known to those 
having ordinary skill in the an and typically are polymer-coated metal 
particles. The identities and amounts of such additional components in the 
colored composition are well known to one of ordinary' skill in the an. 

When the colorant stabilizers of the present invention are used to 
stabilize the dyes in ink jet inks, it is desirable to filter the compositions 
through a small pore filter (.45 |X) such as a Millipore® filter before the ink 
formulation is placed in an ink jet cartridge. This will reduce or eliminate 
clogging of the canridge ink nozzles due to paniculate matter. 
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Treated Substrates, 

As stated above, coiorant siabili/.ers may be present in a colorant 
solution, or present on or in a substrate to which the coiorant is to be 
5 applied. When a colorant stabilizer is present in or on a substrate, the 

substrate is referred to as a "treated substrate". In one embodiment oi the 
present invention, a treated substrate contains a reducing agent thereon or 
therein. In another embodiment, a treated substrate contains a molecular 
includant thereon or therein. In yei another embodiment, a treated substrate 
10 contains a molecular includant and a reducing agent thereon or therein. The 

term 'Stabilizing agent" is used to denote the colorant stabilizer m or on a 
substrate. 

The substrate may be. but is not limited to. paper, wood, a wood 
product or composite, woven fabric, nonwoven fabric, textile, plastic, 
15 glass, or any other substrate thai would benefit from having a stabilized 

colorant thereon. A plastic substrate inckdcs. but is not limited to. a plastic 
film, a plastic nonwoven web, or a plastic woven web. A preferred 
substrate is paper. Any existing or future type of paper or paper products 
may be used in the present invention, 
20 Examples of paper or paper products include, but not limited to. 

printing and writing papers, packaging and industrial papers, paperboard. 
and tissue papers. Examples of printing and writing papers include, but arc 
not limited lo the following: wood-free coated papers; wood-containing 
coated papers; wood-free uncoaied papers such as bond and writing paper. 
25 envelopes, offset and opaque circular, carbonless, tablet, forms bond. 

ledger, mimeograph, and manifold, duplication, fax base, thermal base, 
technical papers, supercalandercd, a;id specialty papers; uncoated wood- 
comnining pupers such i:s superc^ii^r.dered, direciocy. .specialty convening 
and publishing; bristols such as coated bnstols. uncoated bleached bristols. 
30 tag. coated tag papers, file folders, and tabulating; and thin papers such as 

cigarette paper, bible paper, lightweight paper, lightweight specialty, 
manifold, cotton fiber papers, and specialty thin papers. 

Examples of Packaging and indu.sirial papers include, but are not 
limited to the following: breached Kraft paper such as grocers bags. 
35 shipping sacks, wrapping paper, and converting paper; unbleached Kraft 
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paper such as grocers bags, shipping sacks converting' paper, wrappinii 
paper, and envelopes. Examples of paperboard include, oji are noi limited 
10 the following: containerboard such as unbleached lincrboard. bleached 
iinerboard. corrugated medium, and chip and filler board: folding 
boxboard/folding carionboard such as solid bleached sulfite, bleached and 
unbleached bristols. coated recycled board, coated unbleached Kraft, milk, 
cup. plate and foodservice stock (coated or uncoaicd». and folding board: 
gypsum watlboard; and tube/can and drum paperboard. Examples of tissue 
papers include, but are not limited to. sanitary tissues such as bathroom 
tissue, facial tissue, napkins, toweling, wiper stock, and other sanitary 
[issue papers. 

Molecular Indiuiant 

.As stated above, a molecular includant is defined as any substance 
having a chemical structure which defines at least one cavity, wherein a 
cavity includes any opening or space of a size sufilcient to accept at least a 
portion of a compound, such as. but not limited to. a colorant. The 
molecular includant can be inorganic or organic in na:ure. In certain 
embodiments, the chemical structure of the molecular includant is adapted to 
form a molecular inclusion complex. Molecular includants include, but arc 
not limited to. clathrates or intercalates, zeolites, crown ethers, culixarcnes, 
valinomycin type natural antibiotics, various polyeiher compounds, 
nicericin type natural antibiotics, or cyclic compounds containing a plurality 
of pyranose rings, for example, those having formed cyclic compounds 
through 1.^ and 1.6 bonding of monosaccharides such as glucose, i7uciose. 
oalactose. etc and disaccharides such as saccharose, maltose, lactose 

o 

etc... 

The cyclic compounds also include cyciodexirins such as alpha- 
cyclodextnn (or a-cyclodexirin). beia-cyclodextrin (or li-cyclodextrin), 
gamma-cyclodextrin (or y-cyclodextrin). delta-cyclodextrin (or 5- 
cyclodextrin), and derivatives thereof such as hydroxypropyl p- 
cyclodextrm. hydroxyethyl p-cyclodextrin. hydroxyethyl a-cyclodextrin, 
carboxymethyl a-cyciodextrin, carboxymeihyl (J-cyclodexirin. 
carboxymethyl y-cyclodexirin. octyl succinaied a cyclodexirin. octyt 
succinaied p-cyclodextrin. octyl succinated y-cyclodextrin. sulfated (i- 
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cyclodexirin and sulfated y-cyclodcxinn. hydroxyeihyl Y-cyc!odcxirin. 
hydroxyisopropyl 7-cyclodexirin. hydroxypropyl y-c yc ! ode x inn. vociyl 
succinate y-cyciodexirin, and carboxymethyl Y-cyclodcxErin- 

The a-cyciodcxtrins contain 6 glucopyranosc rings, the (i- 
cyclodextrins contain 7 glucopyrano.se rings, the y-cyclodextnns contain 8 
glucopyranosc rings, and the 5-cyclodextrins contain 9 gl-jcopyranose 
rings. Cyclodexirins with 10. I L or 12 glucopyranose rings may also be 
used in the present invention. A desirable cyclodexirin is any y-cyclodextrin 
thai is water soluble. In particular, hydroxyethyl y-cyclodextrin. 
hvdroxyisopropyl y-cyclodextrin. and hydroxypropyl y-cyclodextrin are 
desirable molecular includants for the present invention. .A?.othcr desirable 
cvclodextrin is any (i-cyclodextrin that is wjtcr >olubic In particular, 
hydroxyethyl [i-cyclodextrin is a prct'crred cyclodcxtrin. 

The cyclodexirins suitable for the inks of the present invention can 
also, if desired, be modified by the addition of substituenis. Substituents 
generally replace either the entire hydroxyl group or the hydrogen atom on 
one or more of the hydroxyl groups or' the cyclodexirin ring. Examples of 
substituents include acyl groups, wherein one or more of the hydroxyl 
groups is replaced with croups such a.s — OAc. — OC{0)CH2CH3. — OC- 
(OKCH2)2<^"?- — OC(0)(CH2)3CH3. — OaOCF^, — OCiO)Ph. or the 
like; alkyi and ar>'l groups, wherein one or more of the hydroxyl groups is 
replaced wiih groups such as— OCH3. — OCI12CH3, — 0(CH2nCH3. 
— OC(CH3)3.— OPh, or the like: tosyl 1 4-meihylben2eneyjUunyl t. or Ts or 
related groups, wherein one or more of the hydroxyl groups is replaced 
wiih— OTs or the like: mesyl (nieiharesulfonyl. or Ms) or related groups, 
wherein one or more of the hydroxyl groups is replaced with — OMs or the 
like: amino groups, wherein onc'or more of the hydroxyl groups is replaced 
Mill groups such ?s z pc'^TP.zrj, secondary, or lerciary a^^Ine group, 
including cyclic ammes and aromatic amines or the like: azido groups, 
wherein one or more of the hydroxyl groups is replaced with — N3 or the 
like; halo subsuiuents, wherein one or more of the hydroxyl groups is 
replaced with a halogen atom, such as — F. — CL— Br. or— I: nitro groups, 
wherein one or more of the hydroxyl groups is replaced with— ONO2; 
phosphorus-containing groups, wherein one or more of the hydroxyl 
groups is replaced with groups such a> — OPO3H2 — OPO3R2 ' wherein R 
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IS alkyi or arv-l), — OPO3HR. or wherein two adjacent hydroxyl ^roups are 
replaced with groups such as — 0P(0)(CH3)0— . or ihc like; imidazole 
groups and their derivatives; pyridine groups and :heir derivatives: 
sulfur-containing functional groups, wherein one or more of the hydroxyl 

5 groups is replaced with groups such as — SCli*;. SCHoCH-^. 

-SfCH2j2CH3, — SC(CH3}3. — 0S03-Nu^. — OCH2S03-Na-. 
-OCH2CH2S03-Na^. — 0(CH2)3S03'Na + . or the like: alcohol, 
aldehyde, ketone, or oxime groups: carboxylic acid groups and ihcir 
derivatives: carbonate and carbamate groups: silicon, boron, or tm 

10 containing groups, wherein one or more of the hydroxyl groups is replaced 

with groups such as — OSi{CH3)3. ^OSifCH3)2H. — CH20Si(CH3)3. 
— CH20SifCH3)2H. — OB(CH2CH2)2. — CH20B(CH2CH2)2- — CH- 
20Sn((CH2J3CH3)3. or the like; hydroxyalkyl groups, such as hydroxy 
ethyl groups, hydroxypropyl groups, or the like; or any other suitable 

15 substituent. 

In another embodiment, substituent or subsiituents in the 
cyclodexu-in molecules are bonded to an oxygen atom in a ring glucose unit. 
For example, the substituent can be an alkyl radical, desirablv havins up to 
about six carbon atoms. Another example of such a substituent has the 

20 formula — (CH— CHR 1 — O— }„— H wherein R * is selected from the class 

consisting of hydrogen and alkyl groups having up to about six carbon 
atoms. In the above formula, n is a small whole number having a value up 
to about six: desirably, n is equal to 1. Preferred substitucnis of this type are 
hydroxyethyl and hydroxypropyl. 

25 Yet another type of substituent on the cyclodcxtrin is a bridging 

group that links two cyclodcxtrin moieties. The bridging groups have the 
ft)rmula — CHR*— CHOH— CHR^— wherein R> has the same 
significance as above. In these polymeric cyclodexirins. the number of 
cyclodcxtrin rings bridged is from iwo 10 about six. In other words. 

30 there can be two cyclodcxtrin rings linked by the bridging group, or there 

can be three of the rings linked by two bridging groups, and so on. such 
that there can be six rings linked by five bridging groups. It is to be 
understood that higher polymers can be used in the invention if ihcy have 
properties analogous to the polymers within the range given above, and the 

35 increased size or molecular weight docs not confer an undesirable property 
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to ihe extent that it makes the material unsuitabie for use in t:vj invention. 
The polymeric cyclodexirins may have subsiiiuenis in addition to the group 
that links or bridges two cyclodextrin moieties. For example, the 
cyclodexirin moieties may have one or more carboxyalkyi (— R — COOH) 
substituents. wherein R is a lower alkylenc radical having up to about 4 
carbon atoms. 

Cyclodextrin rings can also be bound together to form polymers by 
processes such as linking the cyclodexirin rings together with suuable 
multifunctional agents. For example, a poly-l3-cyclodextrin can be formed 
that is crosslinked with epichlorohydrin: this material is commercially 
available from American Tokyo Kasei. Inc.. 9211 N. Harborgate St.. 
Portland, OR 97203. It is to be understood that any method known to one 
of ordinary skill in the art may be used to covalenity bind -wo or more 
molecular includants together. A desired embodiment is to have crosslinked 
y-cyclodextrins in or on a substrate. 

Cvclodextrins are commercially available from, for example, 
American Maize-Products Company, of Hammond, Indiana. Additional 
information regarding cyclodexirins and modified cvclodextrins i.N widely 
available in the chemical literature, and is summarized in. for example. 
"Synthesis of Chemically Modified Cyclodexirins," A. P. Croft and R. A. 
Bartsch, Tetrahedron, Vol. 39. No. 9. pages 1417 to 1474 (1983V the 
disclosure of which is totally incorporated herein by reference. Substituted 
cyclodexirins arc also shown in the publication "Molecuso!'"': Your 
Research Solution, " Pharmetec, Inc. (1988). the disclosure of which is 
totally incorporated herein by reference. The hydroxypropyl substituted 
cyclodextrin is also suitable for the prevent invention. 

Additionally, it is to be understood that the molecular includants of. 
the present invention may nave one or more of the stabiiiztr molecules 
discu.ssed above. '-^ hich may be admixed into a colorant solution, associated 
therewith. The term -associated'*, in its broadest sense, means that the 
stabilizer molecule l^ at least in close proximiiy to the molecular includant. 
For example, the stabilizer molecule can be mainiained in close proximity to 
ihc molecular includant by hydrogen bonding, van der Waais forces, ionic 
bonding, hydrogen bonding, dipole-dipole interactions or the like. 
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The molecular includanc.in association with a colurani -stabilizes ihe 
colorant. More particularly, ihe molecular includant stabilizes a colorant 
when it is present on or in the substrate upon which the colorant is applied. 
In the embodiment where the molecular includant is present on or in 
:> the substrate, the molecular includant may be introduced onto or into the 

>ubstratc by any method known to one ol" ordinary skill in the art. wherein 
the method does not destroy the molecular includant 's ability to stabilize a 
colorant. In one embodiment, a treated substrate is one wherein the 
.molecular includant is applied to the substrate in solution form and the 

10 .substrate is subsequently dried to produce the substrate in the form it is to 

be utilized. Any substrate may be used, wherein the substrate docs not 
destroy the molccuiar includant s ability to stabilize a colorant. A preferred 
iubstrate is paper. Any existing or future type of paper or paper products 
may be used in the present invention. 

1 5 The molecular includant may be applied while the substrate is being 

manufactured, or it may be applied arter the substrate has been 
manufactured. Where the substrate is paper, the molecular includant may be 
admixed into the pulp during the process of manufacturing the paper. An 
amount of molecular includant is admixed with the pulp so that the paper 

20 produced contains an amount of molecular includant effective to stabilize a 

colorant thereon. Desirably, between approximately 30 to 80^c molecular 
includant by weight is admixed with the puip. More desirably, between 50 
to 65^r molecular includant by weight admixed with the pulp. .A 
desirable amount of molecular includant in the final paper product ts 

25 between 3% and 50% wt/wt. A more desired amount of molecular 

includant in the paper product is between 5 and 20%, Even more desired is 
between 7 and 10% of molecular includant in the paper product. Any 
method known m the art may be used to admix the molecular includant with 
the pulp, and produce the final paper product, wherein the molccuiar 

30 includant mamiams us ability to stabilize a colorant. The above also applies 

to the manufic'-urmg of wood pulp or composite substrates. 

Altcmativcly. the molecular includant may be applied to a substrate 
after it has been manufactured, by dipping the substrate in a solution of the 
molecular includant. spraying the substrate, coating the substrate, or 

35 .soakine the -substrate with a solution of the molecular includant. .Any 
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method known m the art to appiy a solution to a subMraic and to dry the 
substrate may be used in the present invention .so lung as the molecular 
includant maintains its ability to stabilize a coiorani. An amount of 
molecular includant solution is applied to the substrate so that at'ter drying, 
the substrate contains an amount of molecular includant etYeciivc to stabilize 
a colorant thereon or therein. 

Desirably, the concentration of the molecular includant solution is 
between 3% and 80% wtywt. A more desired concentration is between 3 
and 65%. An even more desired concentration is between 10 and 50^c. A 
desirable amount of molecular mcludant in or on the treated substrate is 
between 1% and 50% wi/wt. A more desired amount of molecular 
includant in or on the treated substrate is between 3 and 25^ . Even more 
desired is between 5 and 20% of molecular includant in or on the treated 
substrate. One embodiment of coaling a molecular includant onto paper is 
fully described in Example 34. 

In another embodiment, both the molecular includant and the 
colorant may be present within the substrate. The molecular includant and 
the colorant may be admixed with paper pulp, wood pulp, or monomers or 
oiieomcrs. durmg the process of manufacturing paper, wood products, or 
plastics respectively. Alternatively, one of the above components can be 
introduced during the manufacturing process and the ^econd component can 
be applied after the manufacturing process. 

Examples 35 and 36 report the fade testing results of various 
magenta inks on treated and untreated paper. The magenta inks were 
studied as they tend to be the least stable of the widely used inks. More 
particularly. Hewlett-Packard (HP). American Ink Jet (AIJ). and Canon 
magenta ink jet inks, either with or without the stabilizing additives of the 
preseru inven::or., were printed on treated and untreated Hewlett-Packard 
premium paper and then exposed lo an Atlas Weatheromeier for a total of 77 
hours. The :nk=> coniaming the additives of the present invention contained 
5% wt/wt of the basic fuschin inune adduct prepared in Example 7. 0.25 eq 
of letramethylammonium iodide, and 27c wi/wi of hydroxycthyl (5- 
cyclodextnn. It is to be understood that the molar equivalents of the various 
stabilizing compounds can be varied. 
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In Example 35. the treaied paper v. j> coated wuh v-cyclodexirin as 
described in Example 34. such that the treated paper contained 79r wt/wi of 
the y-cyclodextrm. After 77 tota! hours o: exposure the change of color is 
nieasured and the AE* values comparec. The AE* values reported in 
5 Exam.pie 35 for the HP and AIJ inks show that the molecular includani is an 

effective colorant stabilizer without the presence of additional stabilizing 
additives. More panicularly. the AE* value for HP ink tth no additives on 
untreated paper is 64, whereas the value for HP ink wnh no additives on 
cyclodextrin coated paper is 31.5. The IE*' value for AIJ ink with no 
10 additives on untreated paper is 37. wherejis the value tor AIJ ink with no 

additives on cyclodextrin treated paper is 13.7 

.Additionally, the AE* vaJues reponed in Example 35 for the HP inks 
shows 'hat the additives are an effective colorant stabilizer without the 
presence of the molecular includant in the paper. More particularly, the A£* 
15 value for HP ink with additives on untreated paper is 25.0. whereas the AE* 

value for HP ink with no additives on untreated paper is 64.0. 

The AE* values reponed in Example 35 aJso show that the molecular 
includant treated paper with the additive-containing ink yields unexpectedly 
superior colorant stabilization results. Mere panicularly. the AE^ value for 
20 HP ink with no additives on untreated piper is 64. with no additives on 

treated paper is 31.5. with additives on L.nireated paper is 25.0. and with 
additives on treated paper is 14.7. Accordingly, the AE" values show- that 
although the additives alone stabilize the HP and AlJ inkv and treated paper 
alone stabilizes the HP and AIJ inks, the most iighifast colorant is stabilized 
25 by being associated with the additives in ihe solution and being printed on 

the treated paper. 

In Example 36. three types of treaied paper were studied along side 
of an uncoated paper. More particularly. HP Premium Ink Jet paper was 
treated with a 50% y-cyclodexirin solution, a 20^c sodium ihiosulfaie 
30 solution, or a 20% Y-cyclodexirin/lO^ir sodium thiosulfate solution. The 

uncoated paper that was also .studied is Kimberly-Clark Bright White paper. 
After printmg. and exposure in the Atlas Weathcrometer for 77 hours, the 
AE* values were measured. 

The AE* values reported in Example 36 also show that although the 
35 additives alone stabilize the HP and AIJ inks, and treated paper alone 
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Stabilizes ihe HP and AIJ inks, ihe n\Ob[ iiehU'ast coiorant iS stabilized by 
being associated with the additives in the solution and beinc printed on the 
treated paper 

With respect to the Bright White paper stabilization results reponed 
in Example 36, these results are not readily comparable to the stabilization 
results obtained regarding the HP Premium paper. More particularly, most 
ink jet papers arc coated so that the ink is not absorbed into the fibers of the 
paper and instead remains on the surface of the paper. The coated paper 
thereby produces a superior ink jet printing quality. The HP Premium paper 
is an example of such a coated paper. 

In contrast, the Kimberly-Clark Bright White paper is not a coated 
paper. Accordingly, when an ink is printed thereon, the ink is wicked or 
absorbed into the bulk of the fibers of the paper, and does not remain on the 
surface of the paper, thereby yielding a different quality of printing. 
Althoueh not wanting to be bound by the following, it is theorized that the 
ink that is absorbed into the uncoated paper is protected from degradation 
from light by the fibers of the paper. In contrast, ink.*; that are printed on 
coated paper remain on the surface of the paper and receive no protection 
from the fibers of the paper. Accordingly, the stability and quality of 
printing of inks that are printed on an uncoated paper cannot be compared 
directly to inks that are printed on coated paper. 

Reducing Ageni 

In the embodiment where the treated substrate contains a reducing 
agent, the reducing agent may be. but is not limited to. sodium thlosulfatc 
(Na2S203), sodium sulfite (Na2S03). cysteine, sodium nitrite, sodium 
phosphite, sodium citrate, citric acid, ascorbic acid, boron hydride. 

* * ^.'~t^ .u;^..-*.. Af^^'-y^o^ UtjArr*rtr*rt <,f»lohlt'» '^G'aS.SlUrP. 

dithioniie, nyuru^int, iiiivyuiSu*u*uAiww, i.j^^^^^.. i-.r^.-^-w. ^ 1.-. 

sulfite, ammonium sulfite, sodium hydrogen sulfite, potassium hydrogen 

sulfue, ammonium hydrogen sulfite, sodium trithionite. and polyhydric 

phenols. A desired reducing agent is sodium thiosulfaie. 

The reducing agent in association with a colorant stabilizes the 
colorant. The reducing agent stabilizes a colorant when it is present on or in 
the substrate upon which the coloram is applied, or when ii is admixed with 
the colorant prior to its application lo the .substrate. Also, the reducing agent 
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may be preseni boih on or in iht subsiraic upon which the colorant is 
applied and admixed with the coloran: prior to its application. Addtiionallv. 
the reducing agent n:iay be applied to the colorant after the colorant has been 
applied 10 a substrate. 

5 In the embodiment v- here the reducing agent is present on or in the 

substrate, the reducing agent may be introduced onto or into the substrate by 
any method known to one of ordinar/ skill in the an. wherein the method 
does not destroy the reducing agent's ability to stabilize a colorant. The 
reducing agent may be applied while the .substrate is being manufactured, or 

10 it may be applied after the substrate has been manuiacturcd. It is to be 

understood that when a reducing agent is present on or in a substrate in the 
form it is to be utilized, the substrate is referred to as a "treated substrate'". 
In one embodiment, a treated substrate is one wherein the reducing age.nt 
was applied to the substrate m solution form and the substrate has been 

1 5 subsequently dried to produce the substrate in the form it is to be utilized. 

Any substrate may be used, wherein the substrate does not destroy 
the reducing agent's ability to stabilize a colorant. As stated above, the 
substrate may be, but is not limited to. paper, wood, a wood product or 
composite, woven fabric, nonwoven fabric, textile, plastic, glass, or any 

20 other substrate that would beneili from having a stabilized colorant thereon. 

A preferred substrate is paper. Any existing or future type of paper may be 
used in the present invention, including, but not limited to, newsprini. 
coaled wood containing paper, super calendared paper, fine paper, 
paperboard. and ink jet paper. 

25 Where the substrate is paper, the reducing agent may be admixed 

into the pulp during the process of manufacturing the paper. An amount of 
reducing agent is adrr\ixed with the pulp so that the paper produced contams 
an amount of reducing agent effective to stabilize a colorant thereon. 
Desirably, between approximately 2 to 50% reducing agent by weight '.^ 

30 admixed with the pulp. More desirably, between 3 to 30% reducing agent 

by weight is admjxed with the pulp. A desirable amount of reducing agent 
in the fmal paper product is between \% and 50*^ wt/wt, A more desired 
amouni of reducing agent in the paper product is between 2 and 209c. Even 
more desired is between 3 and 10% of reducing agent in the paper product. 

35 Any method known in the an may be used to admix the reducing agent wuh 
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me pulp, and produce ihe final paper produci. wherein the reducing ageni 

maintains iis abilitv to stabiiizc a culorani. The above also applies the 

manufacturing of wood pu!p or conipoiiiie substrates. 

Alternatively, the reducing agent may be appiied to a substrate after 

it has been manufactured, or in its Una! form, by dipping the substraic in a 

solution of the reducing agent, spraying the substrate, coating the substrate. 

or soaking the substrate with a solution of the reducing agent. Any method 

known m the art to apply :i solution to a substrate and to dr}' the substrate 

may be used in the present invention so long as the reducing agent maintains 

its abilitv to stabilize a colorant. An amount of reducing agent solution is 

applied lo the substrate so tha: after dr^'ing. the substrate contams an amount 

of reducine aeent effective to stabilize a colorant ihereon or therein. 

Desirably, the concentration of the reducing agent solution is 

between \% and 50% wt/wi. A more desired concentration is between 3 

and 40^r. An even more desired concentration is between 5 and 20%. .A 

desirable amount of reducing agent in or on the treated substrate is between 

1% and 50% wt/wt. A more desired amount of reducing agent in or on the 

treated substrate is between 2 and 20%. Even more desired is between 3 

and 10% of reducing agent in or on the treated substrate. One method of 

coating a substrate with a reducing agent is fully described in Exarrtple 34. 

In another embodiment, both the reducing agent and the colorant 

may be present within ihe substrate. The reducing agent and the colorant 

may be admixed with paper pulp, wood pulp, or monomers or uiigomers. 

during the process of manufacturing paper, wood products, or plastics 

respectively. Alternatively, one of the above components can be introduced 

during the manufacturing process and the second component can be applied 

after the manufacturing process. 

^ry^>^r^A'*mf-nt rQloran^ apd reducinii acent arc 

admixed in one solution and applied to a substrate simultaneously. For 

example, a colorant and an amount of reducing agent effective to stabilize 

the colorant can be m an ink jet ink cartridge in an ink jet printer. It is to be 

understood that any commercially available ink can be admixed with a 

reducing agent to stabilize the colorant therein. Desirably, the concentration 

of the reducing agent in ink is between 1 and 50% by weight. A more 
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desired concencrution is between 3 and An even more desired 

concentration is between 5 and 209o. 

Examples 30 and 31 report the fade testing results of Hewicii 
Packard yeilow ink printed on sodium ihiosulfate treated paper and 
5 untreated paper. More panicularly, yellow Hewlett Packard ink was printed 

on untreated paper and paper that had been dipped in a 10% wt/wt aqueous 
sodium thiosuifate solution and then dried. The papers were then exposed 
to an Atlas Weatherometer for a total of 51 hours. Visual and color 
measurements (AE*) show that the treated paper reduces the fade of the 

10 yellow ink. In particular, the AE* values after 24 hours were 28.33 for the 

untreated paper, and 2.29 for the treated paper. The AE* values after 51 
hours were 54.96 for the untreated paper, and 12.08 tor the treated paper. 
Accordingly, the AE* values indicate little or no color change of the yellow 
ink on the treated paper over 5 1 the hours of exposure. These A£* values 

1 5 therefore show that the reducing agent is an effective colorant stabilizer. 

Although the reducing agent alone stabilizes a colorant, it is al.so 
desirable that the reducing agent be utilized with one or more of the above 
stabilizers. Example 29 reports the fade testing results of Hewlett Packard 
magenta ink admixed with various combinations of stabilizing compounds 

20 of the p.resent invention printed on trea-ed and untreated paper. More 

particularly, three molar equivalents of the triiodophenol sugar produced in 
Example 25. four molar equivalents of the trimethylphenol sugar produced 
in Example 23. and cwo molar equivalents of sodium iodide were admixed 
with HP magenta ink having already admixed therein 5% by weight B- 

25 hydroxyeihyl cyclodextrin. This admixture is the additive-containing ink. 

It is CO be understood that the molar equivalents of the various stabilizing 
compounds can be varied. 

The magenta additive-containing ink or the commercially available 
magenta Hewlett Packard ink (control I was printed on untreated paper and 

30 R^per that had been dipped in a 10% wt/wt aqueous sodium thiosuifate 

solution and then dried (the treated paper). The papers were then exposed 
to an Atlas Weatherometer for a total of 15 hours. Visual and color 
measurements (A£*) show that the control ink on untreated paper faded the 
most, the additive-containing ink on uncreated paper faded less, and the 

35 additive-containing ink on treated paper barely faded at alt. and faded the 
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least. In paniculur, the AE* values are as follows: 34.24 for Lontrol ink on 
untreated paper; 20.53 for additive-containing ink on untreated paper; and 
1 1.09 for additive-containing ink on treated paper. Accordingly, the AE* 
values show that aJthough the additives alone stabilize the magenta colorant. 
5 the reducing agent in the paper funher stabilizes the colorant in the presence 

of these additives. 

Additionally, the substrate itself may be treated with one or more of 
the above reducing agents, one or more of the above n\olecular includants. 
or combinations thereof. In one embodiment, the substrate is treated with 
IQ both a reducing agent and a molecular includam. Desirably, the reducing 

aeent is sodium ihiosulfatc and the molecular includant is y-cyclode.xtnn. 

It is most desirable to treat a substrate with a reducing agent when 
the ink to be prmied thereon is relatively pure. Although not wanting to be 
limited by the following, it is theorized that if mk containing a relatively 
1 5 substantial amount of impurities is printed on reducing agent-treated paper, 

the reducing agent will react with the impurities thereby decreasing its color 
stabilizing properties. 

It has been unexpectedly discovered that the presence of a reducing 
agent in paper decreases the amount of yellowing that occurs on the paper 
20 upon exposure to the radiation. Example 28 reports the testing of treated 

and untreated paper for reduction of yellowing. More particularly, sheets of 
paper were dipped in the following: (1) a sodium iodide and sodium 
ihiosulfaie solution; (2] a sodium iodide solution; or (3) a sodium thiosulfate 
solution, and then dried. The above sheets and control sheets (which 
25 untreated) were placed into an Atlas Weathcrometer overnight. The results 

are as follows: the sheets treated with solution ( 1 ) turned yellow; the sheets 
treated with solution (2) turned dark yellow; the sheets treated with solution 
(3) did not change, and remained white; and the control sheets turned a vcr>' 
pale yellow. 

30 Example 2S illustrates that one of the colorant stabilizers of the 

present invention, namely, sodium iodide, increases' the yellowing of paper. 
In contra.st. the presence of the reducing agent, sodium thiosulfate. inhibits 
the yellowing uf paper. Further, the presence of the reducing agent 
decreases the amount of yellowing resulting from the sodium iodide. 
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The present invention is Uinhcr described by (he examplo which 
roliow. Such examples, however, are not to he conMrued ii> hmumiz in jnv 
way either the spirit or .scope of the present invention. In the examples. 
pans are pans by weight unless stated otherwise. 



Example I 

Preparation ofihc tmine adduci. 

To a 500 mi round bottomed fiask is added 10.0 chalcone 
(Aldrich). 8.3 ^ 2-amino benzene sulfonic acid (Aldrich). 200 mi of 
ab.solute ethanoi. and 3 drops of dimeihylamino ethanoi tAidrichj. The 
reaction mixture is reHu.xed for one hour after which the solvent is removed 
to yieid a pale yeliow crystalline solid. The yield is 16.5 ^jrjms (95%). 
The reaction is represented as lollows: 




Example 2 

Preparation of iniodophenolcite sodium salt 

To 25 g or" !ruodophcnol (Aldrich) in a 250 ml round bottomed flask 
is added 100 mi d:e:hyi ether. 52.5 mi of i M sodium hydroxide t'Fisher) is 
then added and the solution is stirred for i hour. The mixture is then 
rotoevaporated under reduced pressure to yieid an off-brown solid which is 
u^ed without run her purification. 
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Example 3 

Effeci of triiadophenniaic sodium sail and niiodophi^nol on de^radaiion cj 
rmii^enta dye. 

1.5 equivalents to dye of trilodophenolaic sudiuni salt I'rom Example 
2 or 1.5 equivalents of iriiodophenol is added to 5 g of standard Hewlet: 
Packard magenta ink jet ink formulation (Hewlett Packard. Palo Alio. CA. 
Part No. HP 51640 M). 2% (wt/wt) of ethyl hydro.xy P-cyclode.xtrin i.< 
added to the ink samples. The sample is drawn down on a transparency 
(Hewlett-Packard. Palo Alto, CA. Cat. No. HPC 3834A). The .'sample is 
then exposed for 10 minutes lo a fusion lamp (Fusion UV Cunng System.-; 
Corp., Rockville. MD. Model F300 + D-butbj having a water coottd Pyrex 
filter. All absorbency measurements in these Examples were made on 
Perkin-Eltner UV/VIS spectrophotometer (Perkm-Elmer Corporation. 
Norwalk. CN, .Vlodel LAMBDA- 14PK The results are shown m the 



Time (min) 


Control 


Tniodophenolaie 


Triiodoohenol 


0 


0.8 


0.87 


0.74 


10 


0.27 


0.77 


0.70 



20" 



25 



Example 4 

Effect of sodium lodtde on dcgradarion of ma ma d\t. 

10 and I equivalents of .sodium iodide are added respectively to two 
aliquoLS of 5 g of standard Hewlett Packard magenta ink jet ink formuiatior: 
(Hewlett Packard. Palo Alto. CA. Part No. HP 51640 M). 2^r rM/wt) of 
cihyl hydroxy p-cyclodexirin is added to the ink samples. The sample i> 
drawn down on a transparency (Hewlett-Packard. Palo Alto, CA, Cat. No. 
HPC 3834 A). The sample is then 'exposed for 10 minutes to a fusion lamp 

having a water cooiea ryrex rnier. irie re.^ujo aies.iO*-*;. ... . .. r 

table. 
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Time (nuni 


Conirol 


Nal nOeqj 


Nal (Icq. ) 


0 


0.8 


0.8S 


o.y ! 




0.55 


0.88 


0.9 


4 


0.45 


0.88 


0.85 


6 


0.37 


0-84 


0.70 


8 


0.34 


0.81 


0.73 


10 


0.27 


0.77 


0.7 



Example 5 

Effect of imine odduct on degradation of magenta d\'e. 

1.5 equivalents of the imine adduci from Example I added :o 5 2 
or standard He^vleti Packard magenta ink jot ink formulation (He'.vlett 
Packard. Palo Ako. CA. Part No. HP 51640 M). 29c (wtAAt, of ethyl 
hydroxy P-cyclodextrin is added to the ink samples. The .<;amplc is drawn 
down on a transparency (Hewlett-Packard. Palo .Alto. CA, Cat. No. HPC 
3834A). The sample is then exposed for 10 minutes to a fusion lamp 
having a water cooled Pyrcx filter. The results are shown in the followinc: 
table. 



Time tmin) 


Absorbencv 


0 


0.92 


10 


0.84 



Example 6 

Effect of iminc adduct on degradation of cyan dye. 

15 4 equivalents or 1.5 equivalents to dye of the imine adduct from 

Example I i-. added to 5 g of standard Hewlett Packard cyan ink jet mk 
formulation iHf.viett Packard. Palo Alto. CA. Part No. HP 51640 CV 
twt/wt) of ethM nvdroxy P-cyclodexirin is added to the ink samples. The 
sample is drju-r. jown on a transparency (Hewlett-Packard. Palo Alto. CA. 

20 Cat. No. HPC 3S34A). The samples arc then exposed for 10 minutes to a 

fusion lamp na'.;ng a water cooled Pyrex filler. The results are shown in the 
following table 
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Time (min) 


Control 


Imine Adduci 
(4 cq.) 


Inunc Adduci 
( 1.5 eq.: 


0 


0.83 


0.92 


0.S3 


10 


0.06 


0.86 


0.5 2 



Example 7 

Preparation of the imine adduct of haste fuschin 

A solution of 5.0 g basic fuschin (Aldnch) and 3.2 g chaiconc 
5 iAldrich) in 300 ml of absolute cthanol with 3 drops of dimeihylamino 

ethanol is refluxed tor 1 hour after which the solvent is removed to yield a 
areen crvstalline powder. The powder is placed under reduced pressure for 
I hour. The reaction is summarized as foUous, wherein ilie product is 
referred to as "chalcone fuschin imine": 



NH-. 
i " 




Example 8 

Ejfect of basic juschin imine adduci on degradation of cyan ink. 

As a control, basic fuschin dye ( Aldrich) is di.ssolved in water (iO^r 
1 5 wi/wt) and applied to an HP transparency. The imine adduci from Example 

7 is dissolved m water (10% wt/wt). 2% (wt/wi) lo dye of (he imine 
adduct from Example 7 is added to 5 g of standard Hewlett Packard cyan 
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ink ;et ink lormuiution (Hewlett Packard. Paio Alto, CA. Part .W'- HP 
51640 C). 2^f t'.vt/wt) of ethyl hydroxy P-cycIodexirin ib added (u tnt ink 
sampler. The sample is drawn down on a transparency (Hewlett-Packard. 
Palo Alto. CA. Cat. No. HPC 3834A). The sample Ls then exposed r'or 10 
minutes lo a fusion lamp having a water cooled Pyrcx niter. The result.s are 
shown in the followinc table. 



Time fniin) 


Control 


Basic Fuschin 
Adduct 


0 


0.99 


0.80 


10 


0.38 


0.7S 



10 



15 



Example 9 

Ejfeci of iodide salts on dcyradaiion of ma^cfua dye. 

10 molar equivalents of sodium iodide, potassium iodide or 
tetramethylammonium iodide ((CH3)4NI) to dye arc added to : g of 
standard Hewlett Packard magenta ink jei ink formulation ( Hewlett Pajkard, 
Palo Alto. CA. Part No. HP 51640 M). 2% (wL/wt) of ethyl hydroxy 3- 
cvclodextrin is added to the ink samples. The sample is drawn dov^.^ on a 
transparency f Hewlett-Packard. Palo Alto, CA. Cat. No. HPC 3S3^A). 
The samples is exposed for 10 minutes to a fusion lam.p having a wa:er 



Time 


Control 


Nal 


Kl 


fCH^.-.NI 


imin) 




(lOeq.) 


(lOea.i 


( 10 C2.) 


0 


0.80 


0.96 


0-73 


O.SO 


10 


0.27 


0.79 


0.^i7 


0.6S 



20 



25 



Example 10 

Effect ofinnne addiat on degradation of magenta dye under a xenon u:mp. 

2 moljr equivalents of the imine from Example 1 to eye is ad Jed to 
5 c of standrJ Hewlett Packard magenta ink jet ink formulation (Hewlett 
Packard. Paio Alto. CA. Part No. HP 51640 .Vt). 2% twi/wi) of cihy! 
hydroxy P-cvciodextnn is added to the ink samples. The sample i> dra\».n 
down on a transparency (Hewleit-Packard. Palo AUo. CA. Cat. No. HPC 
3834A). The sample is then exposed for 4.5 hours to a xenon iamp 
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(Universal Systems, Inc.. Azuza. CA, tOOO Watt Short-Arc Lamp, .^lode^ 
LPS-255HR.). The results are shown in the followins: tabic. 



Time fhrs^ 


Control 


Iminc Adduct 


0 


0.8! 


0.91 


4.5 


0.33 


0.83 



Example II 

5 Eff ect of the combination of triiodophenol and tetratncihyUwutumium iodide 

on degradation of mai^enra dy e under a fusion lamp. 

2 molar equivalents of triiodophenol (Aldrich) lu dye and 0.5 
equivalents of (CH3)4N1 are added to 5 g of standard Hewlett Packard 
magenta ink jet ink formulation (Hewlett Packard. Palo Al-.u. C.A, Part No. 

LO HP 51640 M). 2% (wiywi) of ethyl hydroxy P-cycloce.\trin is added to the 

ink samples. The sample is drawn down on a transparency (Hewlett- 
Packard. Palo Alto. CA. Cat. No. [IPC 3834A). The samples are exposed 
for 10 minutes (o a fusion lamp having a water cooled Pyrex f:l:er. The 
absorbency of the transparency at zero time is 0.95 and after 10 mmutes or' 

15 exposure to the fusion lamp, the absorbency is 0.86 .showing good 

stabilizing activity. 



Example 12 

Effect of triiodophenol on degradation of magenta dye under a fusion lamp. 

20 2 molar equivalents of triiodophenol (Aldri^ni to dyt; is admixed 

with 5 g of standard Hewlett Packard magenta ink jet ink formulation 
(Hewlett Packard. Palo Alto. CA. Part No. HP 51640 M). Z'i^c (wi/wtj of 
eihyl hydroxy (J-cyclodextrin is added lo the ink samples. The sample is 
drawn down on a transparency (Hewlett-Packard. Palo Alto. CA. C^:. .N'o. 

25 HFC 3834 A). The samples are exposed for lO. 20 and 30 minutes to a 

fusion lamp having a water cooled Pyrex filter. The results of the test are 
shown in the following table: 
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Time ( rrun) 


Ab<orbcncv 


0 


0.97 


iO 


0.97 


20 


0.96 


30 


0.83 



Example 13 

Effect of file combinatiofi of the imine cuidua of hasic fuschin and sodium 
iodide an de^^radation of magenta dye under a fusion lamp. 

5^% wt/wt of the imine adduct of basic fuschin from E.xiimpie 7 and 
1.5 equivalen[s of sodium iodide are admixed with 5 g or standard Hewleu 
Packard magenta ink jet ink formulation (Hewleu Packard. Palo Alto. CA. 
Part No. HP 51640 M). 2% (wi/wi) of ethyl hydroxy P-cyclodexirin is 
added to the ink samples. The sample is drawn down on a transparency 
(Hewlett-Packard. Palo Alto, CA, Cat. No. HPC 3834A). The sample is 
exposed for zero and 10 minutes to a fusion lamp having a water cooied 
Pvrcx filter. The results of the test are shown m the follow inc table: 



Time (mini 


Absorbencv 


0 


0.S3 


30 


0.83 



15 



20 



Example 14 

Effect of the combination of the triiodophenol and letratnethylammonium 
iodide on degradation of cyan dye under a fusion lamp. 

2 equivalents of triiodophenol (Aldrich) and 0.75 equivalents of 
(CH3)4NI are added to 5 g of standard Hewlett Packard cyan ink jet ink 
formulation (Hewlett Packard. Palo Alto. CA. Part No. HP 51640 C). 2''/c 
fwi/wt) of ethyl hydroxy [i-cyclodexirin is added to the ink samples. The 
sample is drawn down on a transparency (Hewlett-Packard. Palo Alto. CA, 
Cat. No. HPC 3834A). The samples is exposed for 10 minutes to a fusion 
lamp having a water cooled Pyrex filter. The results of the test are shown in 
the following table: 



Time fmin) 


Absorbency 


0 


0.83 
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30 



0.83 
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Example 15 

Effect of stabilizers on the viscasiry^ ink 

A 1/16 inch hole is drilled in j Hewieti-Packard magenta ink 
cariridge and a syringe is used lo remove the ink. 2 equivalents of 
iriiodopheno! and 2 % wl/we of ethyl hydroxy P-cyciodextrin are added to 
the ink sample and thoroughly mixed. The adnuxiurc is then put back into 
the cartridge using the syringe. An HP 1200C printer is used and 20 to 30 
sheets are primed to get the cartridge to print fully. The viscosity is 
compared to control (untreated) ink by placing it in a burette and measuring 
volume poured from the canridge in lU seconds. Each value is the result of 
two pourings. The following table shows that the treated ink had 



Experiment 


Control 


Additive 


1 


6.4c 


6.3c 


-) 




3.3 g 


3 


6.0 2 


6.4c 



15 



20 



Example 16 

Fade test on ink from Example 15 

The cartridge prepared in Example 15 is used to print on a 
transparency (Hewlett-Packard, Palo Alto, CA. Cat. No. HPC 3834A) so 
that a square inch of ink gives an absorbency reading of between 0.S5 and 
0.95. The square is then cut out and exposed to a fusion lamp having a 
water cooled Pyrex filter. The results of the test are shown in the following 



Time 


TreaieJ lAbsofbencv 


Conirol (.Absorbency) 


0 


0.97 


0.88 


10 


0.97 


0.83 


20 


0.96 


0.59 


30 1 0.83 


0.42 



Lxamplc 17 

Epcct nf triiudophawi and ieirameihyiammonnwi iudidf an ink. 

A hole is drilled in a Hewlett-Packard mayenia ink cartridge 
(Hewlett Packard. Palo Alto. CA. Part No. HP 31640 M) and n syringe is 
used to remove the ink. 2 equivalents of iriiodophenol and 0-.> equivalents 
of (CH3)4NI and 2% wi/wi of ethyl hydroxy P-cyclodextnn is added to the 
ink sample and thoroughly mixed. The admixture is then put back into the 
cartridge using the syringe. The loaded cartridge is t'nen placed in a HP 
I200C printer and 20 pages are printed to stabilize the cartridge. Squares 
are then primed on transparencies according to Example 16. The .squares are 
then cut out and exposed to a fusion lamp having a water cooled Pyrex 
filter. The results of the test arc shown in the following table. 



Time 
(min) 


Treated 
( Absorbencv 


Control 
(Absorbencv) 


0 


0.90 


0.88 


20 


0.85 


0.59 


30 


0.80 


0.42 



No leakage or printing problems are observed and the cartridge is 
u.sed to prmt 205 pages with no problems. 

E.\ample 18 

Cartridges are prepared according to Example 15 and printed on 
transparencies according to Example 16. The squares ore exposed to xenon 
lamp radiation with a Pyre-x/waier niter. The UV absorption is determined 
at the indicated limes. The results of the test are shown in the following 
table: 



Time 


Treated 
(Absorbencv 


Control 
1 Absorbencv ) 


0 hrs 


1.13 


0.93 


2.1 hrs 


1.06 


0.61 


44 hrs 


1.03 


0.42 
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txample 1*^ 

Examples of compounds that did not sii^nificamly Mdbiiizc dve^- 

Using protocols similar to those described in the previous exampie.s, 
the following compounds were tested tor their ability :o stabilize the dves in 
5 ink jet inks: 2.4.6-triiodobcnzoic acid, sodium salt. B-carciene. 3,4- 

didehydroretino! (Vitamin A), ascorbic acid, --iodobenzoic acid, selenium 
EDTA complex and TfNUViN 936 f Ciba-Geicy Corporation j. None or" these 
representative compounds significantly stabilized jn> ofihc: dyc^ lestcd. 

10 Example 20 

Represenuiiivc combinations o] coloran: siabiiizers 

The following table represents various combinations of :he desired 

colorant stabilizers that can be used to stabilize dyes. The particular 

combination that will be used will depend upon the ilnal forinulaiion of dye 
15 solution. The following table is not meant to be a comprehensive 

representation of all possible combinations but i> only meant to show 

several possible combinations. 

Nal = sodium iodide (NI) 

(CH-^,)4iNI = tctramcthylammonium iodide (Tl) 
20 CD =cyclodextrmfCD) 

NH; 




baiic fuschin imine adduce (BFlt 




= sulfonic acid iminc adduce ( ASl) 
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NI 


(CHl)4 
Nl 


BFi 


Bf 1 ^ 
CD 


BFI -r 

Ti 


BFi -r 

TI ^CD 


BFI 
Nl 


TIP 


TIP-CD 


TIP-h 
NI 


TIP 

H-NI 

+CD 


T(Pr 

Tl 


TIP • 

TI -t-CD 


BFI -H 
Nl +CD 


ASA 


ASA + 
TI 


ASA + 
TI-i-CD 


ASl 


ASI -t- 
TI 


ASl T 
CD 


ASl + 
CD + 
TI 


Nal -r 
CD 


Tl 


Tl + CD 


ASl-CD 


ASl-CD 
■t-TI 


ASl-CD 
■i-NI 




TIP + 

CD 


TIP-CD 


TIP-CD 
+NI 


TIP-CD 
■fTl 








ASA + 
CD 


ASA + 
Nl 


ASA -I- 
Nl -i-CD 











Kxample 21 

Prcparaiion ofTosyl Sugar 

To d 500 ml round bodom tlask tilted with a magnetic stirrer and 

5 condenser is placed 75 g of 1 .2-o-isopropylidene-D-glucoturanose 

(Aldrich) and 200 ml of anhydrous pyridine (Aldrich). The flask is cooled 
in an icebath and then 64.8 g of p-toluene sulfonyl chloride (Aldrich) is 
added- The mixture is stored overnight and allowed lo warm to room 
temperature. The solvent is removed under reduced pressure, the oil 

10 redissolved in ether and washed with saturated copper sulfate solution. 

dried with McS04. and the solvent removed to yield a light yellow viscous 
oil. The yield is 108.1 g (857o}. The reaction is 'summarized as follows: 
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Tlie resulting reaction product has the tbllowing reaction parameters; 
IH NMR [DMS0-d6l 7.5-8.8 (m, Tosyl-Aroniatic Hs), 1.2-1.6 
(ni. .sugar'.s keial CH3Si 

5 

E.xampie 22 

Preparation ofTruncihylphcnol Su^ar 

To a .^00 ml three-necked flask fitted with a magnetic stirrer, 
condenser and gas-inlet tube being continuously Hushed with argon. 20.0 g 

10 of 2.4,6-trimethylphenol (Aldrich^ and 150 mi of dry tctrahydrofuran 

("THF') is placed into the flask, 4.2 g-of sodium hydride ib slowly added 
over 30 minutes and the gas evolution allowed to subside. The reaction 
mixture is stirred for 30 minutes after which 55.1 g of the tosyi sugar 
prepared in Example 2 1 is added in 50 ml of THF. The reaction mixture is 

1 5 . stirred overnight and then refluxed for 60 minutes. The reaction mixture is 
then filtered and the solvent removed under reduced pressure to yield a 
brown oil The oil is then dissolved in 200 ml of ether and 100 ml of 2N 
sodium hydroxide solution and the mixture stirred for one hour. The 
organic layer is then separated, dried with MgS04. and the solvent removed 

20 to yield a pale yellow oil. The yield is 32.1 g (62%). The reaction is 

summarized as follows: 
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5S 




CH. 




ONa 



CH- 




5-0CH,CH--^^ iTf O 

CH. 




CCHj-CH— ^ 



CH3 
CH3 



The resulting reaction product. (3aR, 6S. 6aR i-Teiruhydro-6- 
hydroxy-a4(mesttyloxy)methyIl-:.2*dtmeihylfuro[2.3-tll-l,3-dioxole-5- 

mcthanoL had the following physical parameters: 

IH NMR (DMS0-d6l key peaks: 7.3-6.8 fm). 4.S-3.7 im). 2.2-2.5 
(m). 1.5-1.7 (m) ppm. 

Mass Spectrum: m/c: 33S. 323. 2Sl. 263. 265. 208. 203, 178. 149. 
136. 121. 91. 73. 69. 
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Example 23 

Removal of Ketal Group 

To a three necked flask fitted with a gas inlet and outlet and magnetic 
stirrer, is placed 20.0 g of the trimcthylphenol sugar produced in Example 
22 and 200 ml of anhydrous THF. Dry HCl gas (Muiheson) is bubbled into 
the solution until the reaction mixture has a pH of 5-3 on moist Universal 
Indicator paper. The reaction was stirred at room temperature for one hour 
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and the solvent removed under reduced pressure to yield a liehi brown oil 
The oil was found to be highly water soluble. The reaction is summarized 
as follows: 




HCI 



10 




CH3 

The resulting reaction product. (2S. 3R. 4R_)-Tetrahydro-5-( I - 
hydroxy-2-(mesiiyloxy)ethyl]-2.3,4-furantriol. had the following physical 
parameters: 

IH NMR fDMS0-d6l showed loss of kctal CH3 groups at 1.5 to 
1.7 ppm. 



Example 24 

Preparation of Triiodophenol Sugar 

Into a three-necked round bottom flask fitted with a magnetic stirrer, 
gas inlet, and condenser, is placed 20 g 2,4.6-triiodophenol and 200 ml of 

15 dry THF. The llask is cooled in an ice bath and 1.2 g of sodium hydride 

added slowly over 30 minutes. The mixture is then stirred for 30 minutes 
and then 15 6 g of tosyl sugar from Example 21 added in 50 ml of THF. 
The reaction :hca heated to reflux overnight. The reaction mixture is then 
filtered and ihc solvent removed to yield a dark brown oil. The oil is then 

20 stirred in 200 mJ of diethyl ether and 200 ml of 2N sodium hydroxide. The 

organic layer is then separated, dried with MgS04. and the solvent removed 
under reduced pressure to yield a pale yellow oil. The yield is 21.3 g 
(16%). The reaction is summarized es follows: 
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+ NaH 




ONa 



CH3 



n 




OH 

-S— OCHjCH 
O 





I 0 ^ 



OH 



.CH3 
CHa 



The resuliine reaction product. i3aB.. 6i. 6aR)-Tetrahyclro-6- 
hydroxy-2.2-dimethyl-a-((2.4.6-iriiodophenoxy!methyllturo |2.3-sil-l,3- 

dioxole-5-methanol. has the following physical parameters: 

Mass Spectrum: m/e: 529, 460, 431. 402. 358. 289. 275. 231, 145. 
129, 73. 
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Example 25 

Removal of Keial Group 

To a 250 ml three necked round bottom flask fitted with gas inlet 
and outlet is placed 10.0 g of triiodophenol sugar produced in Example 24 
and 150 ml of anhydrous THF. Dry HCl gas is bubbled into the reaction 
mixture until the solution has a pH of 3-5 on moist Universal Indicator 
paper (Fisher). The reaction mixture is then evaporated under reduced 
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pressure lo yield g (96'/r) of a pale yellow oiL Th^ reaction is 
summanzed ai follows: 




The resulting reaciion product, (2S. 3R, 4R )-Te[rahydro-5-[ 1 - 
hydroxy-2-(2.4.6-jriiodophcnoxy)ethyll-2.3-4-furantriol. has the following 
physicaj properties: 

Mass Spectrum: m/e: 529. 460, 347. 231. 145, 129. 73 



Example 26 

Fade Testing af Uewleii Packard Magenta Ink wiih Addiiiw^ Prepared in 
the Examples Above on Neenah Bond Paper 

Three Hewlett Packard HP51640M Magenta ink cartridges (Palo 
Alto. California) are drilled with a 1/8 inch drill and the ink removed via 
syringe into a 250 ml Erienmeyer flask. 4.8 g (2*7c wt/wi) B-hydroxyeihyl 
cyclodextrin (American Maize) is added to the 96.7 g ink and the mixture 
shaken for 10 minutes to dissolve and disperse the cyclodextrin. Then 8.7 
g trimcthylphcrol sugar (3 molar equivalents, or *'eq") produced in Example 
23. 19.3 g of i.niodophenol sugar (4 eq) produced in Example 25. and 5.6 g 
of Nal (2 eq). 'i:t added to the mixture and shaken and sonicated for 20 
minutes. The resultant mixture is then divided evenly into three aiiquots. 
and one. aliquot each of the resultant mixture is reintroduced into each of the 
drilled ink canridges via syringe and filtered simultaneously through a 0.45 
\i filter. The cartridges are then placed into a Hewlett Packard 1600C 
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printer and Eesi sheets are primed out on Neenah Bond, Kjnibcriy Clark 
Corporation. Sheets number 30-32 are generated and subiscted :o fade 
studies against control sheets as described above, except that :he shee's are 
exposed to an Atlas Electric Device^ Co. (Chicago, Illinois} Weatherometcr. 
5 Model No. Ci35W. radiance at 0.53 watis/m- at 340 nm, wherein the black 

panel is at 32''C. borosilicate filters, and the humidity is 50^.. ,Ab<orbency 
is measured after 0 and 66 hours of exposure of ih^* control and 
cxpcrinncnial samples generated above. Absorbency is measured with j 
Fcrkin Elmer UV/Visible Spectrophotometer /il4B. 
[0 The results of the fade studies arc .shown in the tabies bciow The 

table below reports the fade study absorbancy results for the control sheet 
samples at 0 and 66 hours. 



CONTROL Sheets 



.•\bsorbancv 


at 0 and 66 hours 




Sample No. 


Tf) 




1 


L2 


0.00 


2 


1.2 


O.iO 


3 


L2 


O.ff 


4 


1.2 


0.14 


5 


1.2 


0.1.' 


6 


1-18 


0.15 



1 5 The table below reports the fade study absorbancy results for 

the experimental sheet samples generated as described above at 0 and 66 
hours. 

Experimental Sheets 



Absorbancv at 0 and 66 hours 


Sample No. 


To 




1 


1.07 


0.90 


-) 


1. 10 


0.S5 


3 


1. 10 


U.80 


4 


1.05 


0.85 


5 


I.IO 


0.85 
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Rxjmple 27 

Fcule Tesiing of Hewlett Hackard Mat^enta Ink on Transparency Shcetx 

The procedure of Example 26 is rcpeaced except that the control and 
experimental inks are printed on Hewlett Packard Premium Transparency 
5 HPC 3S34A sheets instead of on Neenah Bond paper. The control sheet 

absorbancy values after 66 hours are 0.09 for sampic !. and 0.02 for 
sample 2. The experimental absorbanc> value after 66 hours is 0.79 for 
sample I. 

10 Example 28 

Tcstinj:; of Treated Paper for Reduction of Yellowing. 

ThL yellowing of paper is tested by dipping the paper in a solution 
as described below, dr^Mng the paper, and then exposmg the paper in a 
wcathcromcicr for 12 hours. More particularly, the paper is placed in a 
' ^ container to soak in the solution, hung on a line in a fumehood to drip dr>'. 

and then oven dried as described below. 

Solution A Sodium Iodide -r Sodium Thiosulfare 

A 6.7Co wtywt sodium iodide and 10% wt/wi sodium ihiosulfate 
20 solution in water is prepared. Strips of Neenah bond paper arc dipped into 

(he solution and then dried in a vacuum oven at 60*C for 15 minutes. The 
paper is then placed into an Atlas Weamerometer and exposed to the 
following conditions for twelve hours: O.r.'^ W/m-. 50^f humidity. 32'C. 

25 Solution B Sodium Iodide 

A 6-7 7c wt/wt solution of sodium iodide is prepared and Neenah 
bond paper strips are dipped therein, dried, and exposed in a weatherometer 
as described above. 

30 Solution C Sodium Thiosulfate 

A I07o wt/wt .solution of sodium thiosulfate is prepared and Neenah 
bond paper strips are dipped therein, dried, and exposed in a weatherometer 
as described above. 
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Strips of Neenah bond paper were cue and exposed m n 
wcatheromeier as described above.' 

The results of exposing the treated and control strips or' paper are as 
follows: The paper treated with solution A turned yellow. The paper 
treated with solution B turned dark yellow. The paper treated wuh solution 
C did not change, and remained white. The control samples turned verv- 
pale yellow. Accordingly, treating paper uith sodium thiosulfatc reduces 
the amount of yellowing that occurs over tm:e. 



Example 29 

Fade Testing of Hewltii Packard Inks Primed on Sodium Thiosidfate 
Treated Paper 

This example determines il sodium thiosulfate treated paper 
enhances the resistance to fade of Hcwleii Packard Ink admixed with the 
colorant stabilizers of the present invention. 

Several sheets of Hewlett Packard premium ink jet paper are soaked 
in a lO^^r wt/wt aqueous solution of sodium thiosulfate, and then dried m a 
vacuum oven at 60-C for 15 minutes at 0.1 mm Hg. These sheets are 
referred to as the "treated paper". 

The Hewlett Packard ink canridgc f magenta ink) is prepared as 
described above, by drilling a hole in the cartridge, removing the ink via a 
syringe, and placing the ink in an Erlenmeycr tlask. wt/wi of 
hydroxyethyl-B-cyclodextrm is put into the Hask. and the mixture shaken 
for 10 minutes. Afterwards. 3 equivalents of iriiodophenol sugar produced 
in Example 25. 4 equivalents of irimcthylphenol sugar produced in Example 
_3. and 2 equivalents of sodium iodide are added to the mixture and shaken 
for 20 minutes. It is to be understood that "equivalents ' above are molar 
equivalents to the dye m the ink. The Ink mixture is then reinjected into the 
ink jet canridge v,a syringe with 0.45 \i filter attachment. This cartridge i> 
referred to ^> additive containing canridgc. 

Test ^hcels are prmted using control cartridges (other Hewlett 
Packard ink jct cartridges, including magenta, yellow, and cyan, without the 
above additive.) and the additive containing cartridge on treated and 
untreated paper More panicularly, treated and untreated sheets arc printed 
with Hewlett Packard magenta, yellow, and cyan ink cartridges that do not 
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contain additives. Additionuily, created and un-.reated ^heei^ prtrr.cd uKh 
Hewlett Packard yellow and cyan ink: canridees that do no cor.nin additives 
and with the additive containing cartridge that contains n:agenta ink. The 
paper is then placed in the Atlas We at hero meter and exposed for 15 hours to 
the following conditions: 0.53 W/m- at 340 nni. 50^7 humidity, 
borosilicate filters, and 32*C, 

The change in color is measured by the Xrite Colorimeter (Mode! 
93S. SpectroDensitomcter. Grandvillc. Michigan) which meas'jres -he .^E* 
values, based on the L. a*, b* as described by Cielab. D-50-2. 

Visual and actual measurements show the control magenta ink un 
.untreated paper t'aded the most, the additive-containing magenta ink on 
untreated paper faded less, and the additive-containing magenta ink on 
treated paper barely faded at all. and faded the least. More particularly, the 
AE* values are as follows: 

Paper Maeenta Ink aE* Values 

Untreated Control 34.24 

Untreated Additives 20.53 

Treated Additives 11.09 

Percentage wise, additive containing ink is 40^' better :n fade 
resistance than control ink (both on untreated paper-, and additive 
containing ink on treated paper is 68^^ better m fade r-bis:.:nje than control 
ink on untreated paper, after 15 hours exposure. 

Examination of the % Reflectance graphs of the samples bci'orc and 
after fadmg shows that the magenta dye does not fade or its concentration 
change when the additive is present in the mk and it is primed on the treated 
paper. However, the control clearly shows loss of the dye chromophore. 
In contrast, the additive system in the ink protects the loss of dye. however 
the AE* values show that the additive system yellows somewhat upon 
exposure to light, hence yielding the AE* value. The treated paper therefore 
decreases this yellowing of the additive thus giving the smallest AE" (color 
change) after 15 hours of exposure. 
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Example 30 

Faclt^ Testing of Yellow Hewlcti Packard Inks Primed on Sodium 
Thiosidfaie Treated Paper and Untreated Paper 

This example determines if sodium thiosulfaie treated paper 
5 enhances the resistance lo fade of yellow Hewlett Packard Ink. 

The papers exposed to the Atlas Wcathcromeicr in Example 29 also 
had yellow and cyan squares printed thereon in boxes next to the magenta 
squares. Although some of the magenta square^ contained the stabilizing 
additives, all of the yellow and cyan squares did not contain the additives. 

10 .Accordingly, yellow Hewleii Packard Ink is primed on both treated 

and untreated Hewlett Packard premium ink jet paper and then exposed to 
the Atlas Weatherometer under the conditions listed in Example 29. It is lo 
be understood that the treated paper is soaked in a !0 wc'wi solution of 
sodium '.hiusulfacc and dried in a vacuum oven under the conditions listed in 

15 Example 29. 

The yellow ink on the vvcatherometer-exposed treated paper has little 
or no fading in comparison with the yellow ink on the unexposed treated 
paper. However, the yellow ink on the weatheromeicr-exposed untreated 
paper is substantially faded in comparison with the yellow ink on the 

20 unexposed untreated paper. Accordingly, the treated paper reduces the fade 

of the yeilow ink in comparison to the untreated paper. 

Example 31 

Fade Testing of Yello\v Hewlett Packard Inks Printed on Sodium 
25 Tliiosidfatc Treated Paper and Untreated Paper 

This example determines if sodium thiosulfaie treated paper 
enhances the resistance to fade of yellow Hewlett Packard Ink. 

Additional ink samples were printed of Hewlett Packard inks, 
including yellow ink. on treated and untreated paper using the method 
30 described in Example 29. The samples were placed in the Atlas 

Weatherometer under the conditions listed in Example 29. except that the 
samples were exposed for a total of 51 hours. 

Visual and color measurements (AE*) show that the treated paper 
reduces the fade ot the yellow ink. More particularly, the AE' values for 
35 the yellow ink arc as follows: 
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AE' Values for VaJLcs for 

Hour^ cA Exposure Uncreated Paper Treated P^rcr 

2S.33 2.29 
31 54.96 llOS 

5 

The AE* values indicate little or no color chance of the vellow ink 
on the treated paper over 5 1 hours. 

Example 32 

1 0 Fade Testing of Cyan Hewlett Packard Inks Primed nn Sodium Thiosulfate 

Treated Paper and Untreated Paper 

Samples were printed of Hewlett Packard inks, including cyan ink. 
on treated and untreated paper using the method dcsc.'.bcd in Example 29. 
It IS to be understood that none of the cyan inks cuniuined the stabilizinc 
15 additives listed in E.xample 29. The samples were riaced in the Atlas 

Weatheronieter under the condition.s listed in Example 29. except that the 
samples were exposed for a total of 3 1 hours. 

The treated paper had little or no effect on the I'ade of the Hewlett 
Packard cyan ink in comparison to the untreated paper. At 24 hours and 5i 
20 hours of total exposure to the Weatherometer, the cyan ink faded to a similar 

extent on the ireaied and untreated paper. 

Example 33 

Fade Testins* Of Inks Printed On Treated Paper 

25 Fade testing of a magenta American Ink Jet ink jet t'ormulation t'or a 

Canon printer is conducted as follows. The magenta ink is printed on 
cyclodextrin treated paper and sodium thiosulfate trea:ed paper, and then 
exposed for 100 hours m an Atlas Weatherometer. 

More panicuiarly. approximately 10 ml of ink is removed from a 

30 small cartridge for a Canon BJC printer by use of a syringe with needle, via 

the wick plug The following stabilizing additives arc admixed with the 
magenta ink: 5^: wl/\ai of basic fu.schin iminc adduci prepared in Example 
7; 0.25 eq tetramethylammonium iodide; and 2^r wl'wi hydroxyeihyl-y- 
cyclodextrin. The ink admixture is placed back into the cartridge via syringe 

35 with a 0.45 u filter. The first 1 5 to 20 sheets printed are discarded to ensure 
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:h:a the ink admixture is being primed on the paper to be exposed 10 the 
Atias Wcatheron:ieter. 

Sodium ThiosuU'ate Treated Paper 

The sodium thiosuiratc treated paper is prepared as foNows. A stock 
solution of I5g sodium thiosulfatc is placed in a beaker of 150e of water 
and dissolved. The solution is placed in a Pyrex oven dish and sheets of 
Mewleit Packard Premium ink jet paper arc placed therein, one sheet at a 
time. After the sheet has soaked in the sodium thiosulfaie solution for 3 to 4 
minutes, the sheets are removed and placed in a vacuum oven which is 
heated 10 30-32T and the vacuum of 0. 1 lorr applied for 1 5 to 20 minutes, 
producing dried sheets of paper. 

By weighing a sheet before submersion in the sodium thiosulfate 
solution, and after the dr\'ing step, the amount of sodium thiosulfate present 
on or in the paper is calculated to be approximately 12% wi/wt. 

Cyclodexirin Treated Paper 

The cyclodcxtrin treated paper is prepared as follows. A 10% wt/wt 
solution of hydroxyethyl-y-cyclodextrin is prepared, and sheets of Hewlett 
Packard Prerruum. ink jet paper are treated as described above. By weighing 
a sheet before submersion in the cyclodcxtrin solution, and after the drying 
step, the amount of cyclodcxtrin present on or in the paper is calculated as 
approximately 3.4%. 

A series of sheets are printed on the Canon BJC printer using the ink 
admixture prepared above or the commercially available ink for the printer 
as the control. Untreated sheets are printed (control), as well as sodium 
thiosulfate treated sheets and cyclodcxtrin treated sheets. The sheets are 
then exposed to- light radiation for 100 hours ia a" Atla^: Wei'.hercr.^.e^e: 
having the following conditions: 0.54 W/m- at 440nm irradiance: black 
panel temperature of 45*C; borosilicate filters: and humidity of 55%. The 
color change readings (AE*) are measured using the X-rite meter. The 
results are reported below. 
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Sumple 






Conirol ink on untreated paper 


47.0 


-3.! 


Ink admixture on untreated paper 


15.7 


15.3 


Ink admixture on cyciodexirin paper 


5.9 


0-6 


Ink admixture on thiosul fate paper 


9.3 


2.S 



As can bo seen above, the stabilizing molecules in the ink admixture 
improve the light fastness and give a .slight shift in hue of the colorar/. 
therein upon exposure to radiation. However, the above data clearly <hows 

10 that [he stabilizing molecules in the ink. in combination with the ink being 

printed on the treated paper, significantly improves the colorants resistance 
to t'adc upon exposure to radiation. The cyciodexirin treated paper gave the 
colorant the greatest improvement in light fastness, with the sodium 
thiosulfate treated paper giving the colorant the second best improvem.ent in 

15 light fastness. 

Example 34 

Prcpanuion of Treated Paper 

This examples describes one method of treating paper with either 

20 cyclodextrin or sodium thiosulfate. Hewlett-Packard premium ink jet paper 

is coated and dried to obtain flat treated paper for ink jet fade studies 
described in Examples 35 and 36. 

More particularly, the paper is coated as follows. The paper is 
rolled between two rollers that are positioned on top of each other, wherem 

25 the bottom ponion of the bottom roller is submersed in a solution of cither 

cyclodextrin or sodium thiosulfate, and wherein a controlled amount of the 
same solution is continually dripped onto the top portion of (he top roller. It 
IS to be understood that as the paper rolls between the rollers, the paper is 
coated on its top surface by contact with the lower portion of the top roller 

30 which contains the solution thereon, and the solution continues to be applied 

to the top poruon of the top roller as it rolls via contact with the paper. 
Additionally, is the paper rolls between the rollers, the paper is coated on us 
bottom surface by contact with the top portion of the bottom roller which 
contains the Noluiion thereon, and the solution continues to be applied to the 
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lower ponion or the bottom roller (which is Mibn'.ersed in the .solution i as ii 
rolls via contact with the paper. 

After the paper passes through the rollers as described above, it is 
rolled onto a steeL steam heated drum with a fabric flap lo prevent the paper 
from curling as it is dried thereon. 

The y-cyclodcxtrin treated paper is prepared as follow.s. The HP 
premium paper is weighed prior to treatment. A 5()*/r by weight aqueous 
solution of 7-cyclodextrin is prepared and applied lo the Kip and boaom 
surfaces of the HP premium paper as described above. After the treated 
paper is dried, the paper is again weighed to yield a wt/wt cyclodextrin 
content in or on the paper. 

The sodium thiosulfate treated paper is prepared as follows. The 
HP premium paper is weighed prior to treatment. A 20^r by weight 
aqueous solution of sodium thiosulfate is prepared and applied to the top 
and bottom surfaces of the paper as described above. After the treated paper 
IS dried, the paper is again weighed to yield a 2^c wi/wi sodium :hiosulfate 
content on or in the papcr. 

These treated papers arc used in the fade testing studies reported in 
Examples 35 and 36. 

Example 35 

Fade Testing of Various Magenta InLs on Treated Paper 

This exampje reports the results of fade testing of Hewlett-Packard 
(HP). American Ink Jet ( AIJ). and Canon magenta ink jet inks, either with 
or without the stabilizing additives of the present invention, on treated or 
untreated Hewlett-Packard Premium paper. 

The inks having the stabilizing additives of the present invention are 
prepared as de>crlbed in the above exampies. wherein the \nk is removea 
from the appropriate cartridge, mixed with the additives, shaken and then 
sonicated for 20 mmutes, then injected into the original cartridge via syringe 
fitted with a 0.45|J. filter. The resultant ink contains the following additive^: 
57c wt/wt of the basic fuschin imine adduci prepared in Example 7: 0.25 eq 
of tetramethylammonium iodide: and 2% wt/wt hydroxyethyl p- 
cyclodexirin. 
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The nrjaenia inks primed onto HP premium paper jnd ihe treated 
paper prepared in Example 34. The Hewiett-Packard inks and the American 
(nk Jet inks are primed using a Hewlett-Packard 1600C printer and the 
Canon inks are prmted using a BJC-600 printer. 

The sheeti were then placed in the Atlas Weatherometer and exposed 
for a total of 77 hours under the following conditions: 0.54 \V7m- at 
440nm, borosilicaie filters. 55*7f humidity, and 45'C black panel 
temperature. 

The change in color of the magenta ink is measured by the Xriie 
Colorimeter <Niodel 938. SpectroDensitometer. Grardville. Michigan) 
which measures the AE' values, based on the L. a", h" as described by 
Cielab, D-50-2. The results are reponed in the tabic below. 



Samples A£* Values 





24 Hrs. 


45 Hrs. ■ 


63 Hrs. 


77 Hrs. 


HP Ink on HP Paper 


12.5 


24.6 


41.1 


64.0 


HP Ink on CD Treated Paper 


9.1 


13.3 


20.0 


31.5 


HP Ink + Additives on HP Paper 


5.3 


9.9 


17.1 


25.0 


HP Ink + Additives on CD Paper 


7.4 


9.9 


12.3 


14.7 


AIJ Ink on HPPaoer 


6.3 


12.1 


22.0 


37.0 


AIJ Ink on CD Treated Paper 


2.7 


4.3 


8.0 


13.7 


AU Ink Additives on CD Paper 


1.2 


I -6 


1.7 


3.5 


Canon Ink on HP Paper 


5.6 


6.0 


7.0 


9.0 


Canon Ink -r Additives on 
Thiosulfate Trea-ed Paper 


1.6 


1.8 


2.0 


2.4 



As shown above, the additives reduce fade, ^nd when the mk 
containing the additives is printed on treated paper, the amount of fade is 
even further reduced. 



Best Available Copy 

wo 97;:onoo 



rCT.lS96/l(?l6'> 



10 



20 



25 



30 



Example 36 

Fudc Testing of Various Maj^enta Inks on Treated Paper 

This example reports the results of fade testing of Hewlett-Packard 
(HP). American Ink Jet (AIJ). and Canon magenta ink jet inks, either with 
or without the s'.abilizing additives of the present invention, on treated or 
untreated paper. More particularly, the paper is untreated Hewlett-Packard 
Premium paper. ICimbcrly-Clark Bright White ink jet paper, or Hewlett- 
Packard Premium paper treated as described in Example 34. Three types ot' 
treated paper are prepared using one of the following three aqueous 
solutions: 50^c wtAvt v-cyclodexirin: 20% wi/wt sodium thiosulfate; or 
20Cr wt/wi y-cyciodextrin and 10% wi/wt sodium thiosulfatc. 

As stated above in Example 34. the 50*7r cyclodextrin treated paper 
has a 1% wt/wt cyclodextrin content in or on the paper, and the 209c 
sodium thiosulfatc treated paper has a 1% wt/wt sodium thiosulfate content 
in or on the paper. The paper treated with the 209r wt/wt y-cyclodextrin and 
[O^^r WtAvt sodium thiosulfate solution is weighed before and after 
treatment, to yield a 4 to 5^c wt/wt total content of cyclodextrin and sodium 
thiosulfate in or on the paper. 

The treated and untreated paper is printed with the additive 
containing inks prepared in Example 35 or with the corresponding non- 
additive containing inks. The HP and AIJ inks were printed from HP 1600 
cartridges using an HP 1600C printer. The Canon ink was rrmted with a 
BJC-600 printer. 

The sheets were then placed in the Atlas We at hero me tor and exposed 
for a total of 77 hours under the following conditions: 0.54 W/m- ai 
440nm. 55% humidity. 45'C black panel temperature, borosilicate fillers. 

The change in magenta color is measured by the Xriie Colorimeter 
(Modci 938. SpetiroDeniiiomeler, Grandviiie. Michigan^ which measures 
the AE* value based on the L. a*, b* as described by Cietab. D-50-2. 



HP Inks With Additives Values at 77 Hours 


PaESi 






Hewler.- Packard Paocr 


25.0 


13.? 


50% Cvciodcxirin 


14.7 


9.0 


20*70 Cvclodcxtrin/10% Thiosulfate 


15.7 


8.0 
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20% t hiosulfate 


20.4 


12.2 


Kimherlv-Clark Brishi White 


16.0 






HP Inks (No Additives) 






Paper 


A£" 


AH* 


Hewlett-Packard Paper 


64.0 


1 1.3 


50% Cvclodextnn 


31.5 


10.5 


20% Cvclodextnn/ 10*70 Tniosuir'ate 


21.0 


10.3 


20% Thiosulfate 


27.2 


13.6 


Kjmberiv-Clark Briehi White 


32.5 


10.8 




AIJ Inks With Additives 






Paper 


4E: 


4fcLl 


Hewlett-Packard Paper 


1 1.8 


0.12 


50% Cvclodexirin 


3.5 


O.l 


20% Cvclodextnn/ 10% Thiosulfate 


10.0 


1.9 


20% Thiosulfate 


1 1.4 


1.5 


Kimberlv-Clork Brieht White 


8.0 


2.0 




AIJ Inks fNo Additives) 






Paper 


4H1 


AH^ 


Hewlett-Packard Paper 


37.0 


-3.1 I 


50% Cvclodexu-in 


13.7 


-3.7 


20% CD/ 10% Thiosulfate 


21.2 


16.6 


20% Thiosulfate 


5.6 


4.0 


Kimberlv-Clark Briehi White ' 


13.8 


-0.47 




Canon Inks With Additives 






Paper 




AH' 


Hewlett-Packard Paper 


8.2 


2.7 


50% Cvclodexirin 


4.3 


3.2 


20% Cvclodexirin/ 10% Thiosulfate 


2.4 


1.3 


20% Thiosulfate 


2.4 


0.0 1 
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FCimberiv-Clark Bnehi Whiie 


7.0 




i 


Canon Inks (No Additives) 




i 


Paper 


4E1 




HP Paper 


9.0 


2.0 \ 


20<^r Thiosultate 


2.4 


0.. 1 



Example 37 

Freparaiion of Heal Scalable Media Producta Coniainin^^ Caiorwu Stahiiizcr 
Additives 

5 This example describes ihc preparation of hcai scalable med:- 

products containing colorant stabilizing additives of the present invention 
In this example, the colorant stabilizing additive is a molecular includan-. 
such as hydroxypropyl P-cyclode\trin. Heat sealable media products 
provide many uses. For example, such a media product can be constructed 
10 of a substrate layer such as paper, coaled with at least one polymer 

containing the colorant stabilizing additive of the present invention. The^e 
media products can be used as an alternative to laminating products, m order 
to provide a lightfast and waterfast media product. 

.^dditional^^ such media products can be heat transfer products 
15 described for example in U.S. Patent No. 4.863,781. U S. Patent No. 

5,242.739 and U.S. Patent No. 5.501.902, which are hereby mcorporate: 
by reference. Generally, heat transfer products comprise a >ubstraic layer, 
such as paper, coated with at iea.st one polymer which releases a printable 
material upon the application of pressure and heat. Such heat transfer 
20 products arc commonly used for melt printing designs on articles of 

clothing, for example. Addiiionally, heat transfer papers have been 
developed specifically for transferring graphics printed with an ink \t\ 
primer. 

The mcrmoplasiic polymers coaling one or both sides ot ihe 
25 substrate la>c: arc typically selected from polyolefms, polyesters, ethylene- 

vinyl acetJie copolymers or nylons. Additional componenis induce 
humectanis. ink viscosity modifiers, weak acids, surfactants, and binder-, 
for example. 
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Tlie present invention provide^ thai from about 2^^ tu ZO'-T. \vU\\{ 
molccuiur includant may he added lo the coating polvmer as a coloran- 
stabilizing additive. The example below describes the production of two 
such media product coatings. The following ingredients were combined to 
make coating Formula A: 

1 ) 217 parts water 

2) 35 pans scyrene maJeic anhydride 

3) 4.4 pans 28% solution ammonia in water 

4) 88 pans 25% .solution ethylene acrylic acid (available as 
MICAM PRLVIE from Michaelman Inc.) 

5) 88 pans nylon copolymer 6/12. (available as ORGOSOL from Elf 
Atachem) having the formula 

6j 88 pans polyvinyl alcohol 

7j 38 pans 30% solution hydroxypropyl IS-CD 



All ingredients were combined in a beaker, and blended with a 
mechanical stirrer into a smooth white paste. The paste was then milled for 
tunher consistency. 

Suitable variations of the above formula will be apparent to those 

20 skilled in the art through routine experimentation. For example, in one 

alternative formulation, coating Formula B. elements I -6 were combined in 
the same proportions, however. 456 pans 30% solution hydroxypropyl 6- 
CD w«us used instead of 38 parts. As can be seen in the results below, the 
higher molecular includant content Formula B coating produced a more fade 

25 resistant media product. The results support a range of colorant stabilizer 

additive amounts. 

The media coatings were then separately applied to a substrate. 
HP 1 600 paper, by drawing down with a zero draw down bar. The wet 
coating was then dried in a vacuum oven to produce a coated media product. 
30 Ink B3. prepared as described below, was then printed onto the samples. 

The ink was fused to the media coating by briefly healing at about 300 
degrees Fahrenheit for about 30 seconds. 

When vinyl is used as an underlying coating layer, such as in a heat 
transfer product, the coating can be preferably adhered thereto by the 
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addition of an intermediate cnaiing layer, such as 50% wi of a poivvinvl 
acetate and silica, mill ground for consistency. 

Printed sheets of media product from this example were placed in 
the Atlas wcatherometer and exposed for the desiiinated number of hours 
5 under the following conditions: 0.54 \V7m- at 440 nm, 559c humidity. 

45*C black panel temperature, borosilicaie filters. 

The change in magenta color is measured by the Xnte Cuiorimeier 
(Model 938. SpectroDensitometer. Grandvillc. Michigan) which measures 
the AE* values, based on the L. a*, b* as described by Cielab. D-50-2. 
1 0 The results are reported in the tables below. 



DI Water 


85.ll^f 


2 Pyrrolidone 


10.00 


Giv Guard DXN 


00.20 


Cobratec 99 


00.10 


Triethanolamine 


00.50 


Reactive Red 120 


2.89 


Acid Red 52 


1.20 



Fade Testing Results of Coated Media Products 





21 Hour 


AE* 


AH' 


Sample 






B3 Ink on Formula A 
Coated Paper 


3.2 


-3.7 


B3 Ink on Formula B 
Coated Paper 


0.85 


0.07 


33 on ConiTOi Paper 


1 


3.2 



/ / 

Example 38 

Prvparanon and Tcswv^ of Inks CGniaimno Porphinc Coioram S:abili:xrs 

This example reporis the results of tade tc>t'.ng oi' vnnuui inks, 
either with or without the stabilizing additives of the present invention, on 
treated or untreated paper. More particularly, the paper is untreated 
Hewlett-Packard premjum paper, or treated Hewlett-Packard premium paper 
prepared using a solution of about 50vc wt/wi hydroxypropyl y-cyclodextrin 
to ink. in or on the paper in a concentration of about .S to ! .S wt/u t 
.>olution to paper. 

The stabiiizint: additives of this example can be porphines. 
Specifically, the porphines Cu-meso-tetra-(4-sulfanatoplienyl )-porphme 
(designated CuTPPS4) and Cu-meso-ietra-{N-inethyl-4-pyndyi )-porphine 
(desicnated CuTMPS4) i available from Porphyrin Products. InL.. Logan. 
UT) were used, which are represented by the following structures, 
respectively: 




HO,S SO.H 

and 
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The invention provides ihat the metal ion Co or Cu may be used 
inierchanceabiy in the porphine structures of the present invention. 
Additional background on the chemistry of porphines can be found in Kubat 
5 et al. "Photophysical properties of metal complexes of mcso-ietrakis (4- 

sulphonaiophenyl) Porphyrin." J(nirnu( of Phuunhcfnistry and 
Photohiology A.Chemistry 96 { ,996) 93-97, and references cited therein, 
hereby incorporated by reference. 

The stabilizing additive of this example can also optionally be 
10 dimethyl amino benzoic acid qcat i designated DMABAQ). which can be 

produced as sliov. n in the following; reaction. 



\\() :ouoo 
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-i- SOCi2 
1 19 

14.4i; 
(0.12 rhok) 



HOCH.CH.N-CII, CI 
139.5 i'H: 

16.8 g 
(0.12 mole) 



V 




cr 



2S6.5 

Theo. 34.4 g 
Act. 27. i g 

Into a 3 necked 500 ml. round boiiomec flask titled with magnetic 
stirrer and condenser was added 20 g (0.12 moles) dimethyl aruino benzoic 
acid (Aldncni and 100 ml. of toluene. The Dean-Stark adapter was fitted 

5 and 80 ml. o: toluene (Aldrich anhydrous grade* 14.4 g {0,12 mole) thionyl 

chloride added and the mi.xture heated at reflu.x for 2 hours. Toluene was 
then distilxc of:' as more (100 ml.) was added. 16.8 g (0.12 molo of 
choline chlondc (Aldrich) dried in 50 ml. of toluene (Dean Stark) was added 
and the mj.xtufc rctluxed overnight. The solution was then illtered hoi and 

10 poured into a beoJccr chilled in an ice bath. The DMABAQ solid was ihcn 

filtered and dried in a vacuum oven at 30*= overnight. 



CHy 



O 



165 



20g 
»0.12 mole) 



O 
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Pnr.ieii =;hc:eis of paper were placed m the Aihi.s weathero.Tieter and 
exposed for the designated number of hours under the followini; conditions: 
0 34 \V7m- at 440 nm. 55% liuinidity. 45'C black pane! temperature, 
borosilicatc filters. 

5 The chance in magenta color is measured by [he Xri-.e Colorimeter 

(Model 938. SpectroDensitomcier. Grandvilic. Michigan) which measures 
the SE' values, based on the L, a^. h' a> described by Cielab. D-50-2. 
The results :ire reponed in the tables below. 

The '.reaied and untreated paper is printed wuh inks designated Al. 
10 A2, A3. A4, Bl. B2, B3. 84, CL C2. C3. and C4. prepared t"oilows: 



Al Ink Dl Water 84.809^ 

2 Pyrrolidone 10.00 

Giv Guard DXN 00.20 

Cobratec 99 00.10 

Trieihanolamine 00.50 

Reactive Red 120 4.00 

Acid Red 52 0.40 

A2 Ink DI Water 85.40^c 

2 Pyrrolidone 10.00 

Giv Guard DXN 00.20 

Cobratec99 00.10 

Triethanolamine 00.50 

Reactive Red 120 3.00 

Acid Red 52 0.80 

A3 Ink Dl Water 86.00% 

2 Pyrrolidone 10.00 

Giv Guard DXN 00.20 

Cobraiec99 00.10 

Triethanolamine 00.50 

Reactive Red 120 2.00 

Acid Red 52 1.20 



wo o-':otioo 



PCT l -Sy6 l^l6<J 



SI 



A4 Ink DI Water So.bO^r 

2 PyrroiiJone iO.OO 

Giv Guard DXN 00.20 

Cobratec99 00.10 

Triethanoiiiniinc 00.50 
Reactive Red 120 1.00 
Acid Red 52 1 .60 

Blink Dl Water S3.02^r 

2 Pyrrolidonc 10. GO 

GivGux^J DXN 00.20 

Cobrate:99 00.10 

Trieihanci amine 00.50 
Reactive Red 120 5.78 
Acid Red 52 0.40 

B2Ink Dl Water ii4.079c 

2 Pyrrolidonc 10.00 

Giv Guard DXN 00.20 

Cobra:ec99 00.10 

Trieihanolaminc 00.50 
Reactive Red 120 4.33 
Acid Red 52 0.80 

B3lnk DI Water SS.llTc 

2PyrTolidone 10.00 
Giv Guard DXN 00.20 
Cobraiec99 00.10 
Triethanolamine 00. 50 

Reactive Red 120 2.89 
Acid Red 52 l -O 

B4lnk Dl Water 86.169^ 

2Pyrrolidone 10.00 
Giv Guard DXN 00.20 
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Cobriitec 90 00. :0 

Trie thai^oi amine {)0.50 
Rcaciive Red i:0 i.-ia 

Acid Red 52 !.6U 

Clink DI Water S:.52^r 

2 Pyrrol idonc lO.OO 

Giv Guard DXX 00.20 

Cobratec99 00.10 

Tricthanolamine 00.50 

Reaciive Red 120 6. IS 

Acid Red 52 0.40 

C2 Ink Dl Water 82.62% 

2 Pyrrolidone 10.00 

Giv Guard DXN 00.20 

Cobratec99 00.10 

Trieihariolamine 00.50 

Reaciive Red 120 4.63 

Acid Red 52 O.SO 

C3Ink Dl Water i4.91<7r 

2 Pyrrolidone . 10.00 

Giv Guard DXN 00.20 

Cobraiec99 00.10 

Triethanolamine 00.50 
Reactive Red 120 3.09 
Acid Red 52 120 

C4 Ink Dl Water 86.06% 

2 Pyrrolidone 10.00 

Giv Guard DXN 00.20 

Cobratec99 00.10 

Triethanolamine 00.50 
Reaciive Red 120 1 . 54 



S3 

Acid Red 52 | 
The above inks were fade tested with the folioumg results. 



Inks Without Additives 



Ink ID?^ 










AH- 


Al 




7 5 


A2 




2 1 .6 


.^^ 


60.7 




A4 


62.1 


43.; 








Bl 


38 


-0.5-i 


B2 


46.4 


14. S 


83 


56.} 


:x.4 




64.7 


39.1 








CI 


69.4 


2.6 


C2 


64.3 


i 1.3 


C3 


72.4 


20.5 


C4 


83.9 


22 7 



The A2 ink wa.s prepared with additives as described below and fade 
tested on HP paper and HP y-CD paper with the t'ollou ing results. 
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A2 Ink.s 15h 78h 



HP Paper 




AH' 


AE* 1 AH" 


507c DNIABAQ 


65.3 


24.4 




50% DNLABAQ 


62.1 


26.5 


77.1 


21.5 


0.57o CuTPPS4 + 0.5^c DMABAQ 


33.2 


20.9 


40.9 


23. i 


0.5^0 CuTPPS4 + 0. 1 DM AB AO 


34.1 


20.5 


42.6 














HP Y-CD Paper 










50% DMABAQ 


4.1 


2.4 


4.9 


2 


50% DMABAQ 


6.3 


4.5 


7.7 


5 


0.57o CuTPPS4 + O.Src DMABAQ 


4.2 


-2.1 


5.2 


-2.5 


0.5% CuTPPS4 + 0.1% DMABAQ 


3.5 


-0.34 


5.4 


-3.1 


The A3 ink was prepared with additives as described below and fade 
tested oa HP paper and HP ^f-CD paper with the foliowine results. 

B3 Inks I5h 78h 


HP Paper 


AE* 


AH* 


AE* 


AH' 


50% DMABAQ 


59.8 


28.2 


75.8 


26.6 












0.5% CuTPPS4 + 0.5% DMABAQ 


36.2 


26.4 


43.8 


28. 5 


0.5% CuTPPS4 + 0.1% DMAB.AQ 


43.3 


28.1 


52.5 


30.3 












HP Y-CD Paper 










50% DMABAQ 


6.1 


4.9 


7.6 


5.5 


50% DMABAQ 


10.4 


8.4 


12.4 


9.7 


0.5% CuTPPS4 + 0.5% DM.ABAQ 


6 


-2.9 


7 


-3 2 


0.5% CuTPPS4 + 0 ! ' D.MABAQ 


4.1 


-0.69 


6.1 


-2.1 



The ir.K> ^ere prepared with about 0,5% CuTPPS4 stabilizing 
additive and fade icstcd on HP paper and HP Y-CD paper with the 
following resu.:s 
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Inks made with 0.5 CuTPPS j nn HP premium paper 



Sunioles ID? 



!5H 



7SH 



94H 



AH" 



AH- 



A£- 



A! 



y.6 



4.S 



34 7 



12. 



41.6 



A2 



14.7 



12.8 



41.8 



23. S 



48. S 



A3 



19.6 



18.7 



42.7 



31.9 



47 



A4 



29-6 



28.9 



.SL8 



42.-^ 



8.2 



1-S 



30.6 



8.8 



B2 



S.3 



6.3 



32.3 



[7.8 



37.R 



B3 



14.9 



13.8 



39.0 



44.5 



B4 



1:^.2 



24.6 



47.7 



38.3 



51.6 



CI 



-7.71 



41.8 



8.9 



N7A 



7.9 



33.7 



13.9 



N7A 



C3 



9.2 



6.9 



37.9 



23.6 



N/A 



C4 



23.1 



7-) ■) 



48.6 



37.7 



N7A 



Ink.s with 0.5 9r CuTPPS d on Hvdroxv-ProDvl v-CD paper 



Samples ID# 



At 



A2 
A3 
A4 



81 
82 
83 
84 



CI 
C2 



15H 



AE' 



1.2 
2.8 
4.9 



3.1 



19 



AH- 

-0.: 

Q.2S 
2.14 
4.7 



-1.5 



-'^ 4 



1.1 

2.6 



•3.3 
-2.6 



78H 



A£' 

6.6 
4.1 



10.4 



9.4 
7,7 
4.1 
7.2 



17.1 
3.4 



AH- 



-0.8 
4.3 
9.8 



-5.5 
-5.2 
0.13 
6.3 



>13.8 
-2.S 



94 H 



AE* 



5.4 
5.2 
10.2 



11. 2 
8.3 
4.7 
7.7 



N/A 
N/A 
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C3 


1.6 


-1.5 


5.2 


-3.3 


nva 


NVA 


C4 


1.4 


l.l 


4.7 


3.5 


N7A 


N/A 



Additionally. HP- 1600 magenta ink was prepared with about G.5rr 
CuTPPS4 stabilizing additive and fade tested on HP paper and HP y-CD 



paper with the following results. 
15 Hour MuHiole Samoles 


Samples [D# 


AE* 


AH- 


HP#I 


14.68 


13.13 


HP#2 


20.86 


19.50 


HP#3 


17.01 


15.55 


HP#4 


13.04 


1 1.15 


HP#5 


13.11 


10.57 


HP#6 


13.09 


1 1.10 








HP Y-CD #1 


2.66 


-1.47 


HP Y-CD #2 


1.20 


-.53 


HP Y-CD #3 


2.44 


-.53 


HP Y-CD #4 


1.30 


-.47 


HP Y-CD #5 


1.74 


-.30 


HP Y-CD #6 


1.35 


-.34 


The HP- 1600 magenta ink was also prepared with about 0.?Tc 
CuTMPS4 stabilizing additive and lade tested on HP paper and HP y-CD 
paper with the following' results. 

IS Hour MultiDle Samoles 


HP#1 


13.94 


11.39 


HP#2 


13.58 


11.11 


HP#3 


13.98 


11.57 


HF#4 


14.16 


11.56 
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HP Y-CD ^1 


2.32 


.99 


HPy-CD#2 


i.44 


-1.05 


HP Y-CD f^3 


2.17 


-.67 


HPv-CD#4 


L98 


-1.21 i 


HP Y-CD #3 


2.14 


-I.3S 1 


HP Y-CD #6 


1.79 


-.35 


HP Y-CD #7 


.36 


.15 



Example 39 

Preparation of Basic h'usdiin Hydrazonc 

Anoiher colorant stabilizer of the present invention i.s a basic fuschm 
5 hydrazonc. prepared ixs i'ollow.s. To a 500 ml round bottom tlask. futcd 

with a magnc:;c stirrer and a healing mantle, was placed 50 g (0.46 molei 
phenyl hydrazine (Aldrich). 96.3 g (0.40 mole) chalconc t Aldrich). and 300 
ml. of anhydrous eihanol. The reaction n\ixEurc rctluxcd ovcmighi_and rhen 
cooled to room temperature. A u hite precipitate formed and was filtered to 
10 yield a white solid which was washed with cold ether. I2S g (939o) 

chalconc hydrazonc was obtained. This reaction is shown below. 




HtOH 




To a 500 ml three necked flask fitted with a condenser. Argon 
bubbles and a magnetic stirrer, was placed 20 g (0.09 mole) 4. 4'-diamino 
1 5 benzophenonc f Aldrich). 27. 1 g fO.09 mole) chalconc hydrazone (produced 

abovej, 10. 1 g phosphorous oxy chloride (Aldrich) and 200 ml of dried 
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dioxane. The .Tiixlurc \^:is rcfluxcd for iwo days lo yield a red soiution. 
The reaction mixiurc wa^ chilled in an icc bath and the red prccipitace nitercd 
10 yield 35.2 g (78^c). Addition of hexane to the solution generated an extra 
3 g The compound was purified by neutralization from ethanoi in 
5 97.1% chloroform, ll was also run down a column (silica eel) wi:h \% 

ethanoi in CHCI3 to eluie impurities, then the product was cluied with 109r 
ethanoi in chloroform. This reaction is shown below. 




10 
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Example 40 

Preparation and Testing of Inks On Paper Containtny 3 en zap} le none 
Colorant Siabiiizer Additives 

This example repoas the results of f:ct; cesiins of mascnta 
ink jet inks on Hewleci-Packard premium paper containing another 
stabilizing additives of the present invention. In pantcular, the additive of 
this example is a benzophenone. of the genera! formula: 



wherein R represents any substituenc- which permit the 
benzophenone to function as a colorant stabilizer. 

More specifically, in this example the benzophenone derivative is 2- 
hydroxy-4-meihoxy-bcnzophenone-5-sulfonic acid ( designated HMBPD. or 
simply U) (available from Lancaster Synthesis L:d.. Windham, NH). 
represented by the following structure: 

SO3H 

In addition, the colorant stabilizing additive can be a molecular 
includant, such as a cyclodextrin. The paper coniair.mg the additives was 
prepared as follows: 

Pre-compiexation of Additive U with 6-CD 

5.0g (0.02 mole) of 2-hydroxy-4-mcthcxv-benzoDhenone-5- 
sulfonic acid (additive U). 27.2 g (0.02 mole) fl-cyc:odexirin and 136 ml 
water was placed in a beaker and stirred on a hot-plate stirrer. The 
suspension *a js heated to 65'C at which point the mixture became a clear 
solution. 

Paper Coating Solution 

0.7 ml of SURF YNOL 420 surfactant and 30.0 g (0.02 mole) y-CD 
was then added to the above solution and stirred while maintaining 65'C. 
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The heated clear >olunon wns used lu coai the HP Premium ink jci paper. 
The surface tension of the heated solution was 43-52 dyne/cm. 



Coating P:ipers Procedure 

5 Pre-weighed Hewlett-Packard Premium ink jet paper 

#51634Y was placed on a stack of 20 sheets of NEENAH BOND® paper 
and a draw-down bar placed at the top of the paper. Using a Pasteur 
pipette, the hot additives solutions were placed on the paper at the edge of 
the draw-down bar. The draw-down bar was then drawn-down on the 

10 paper sheet with light pressure to yield a wei film. The paper waii then 

placed in a vacuum oven and dried under 0.1 mm Hg vacuum at 35'C for 
20 minutes. The dried paper was re-weighed and the add-on calculated. 
The sheets were then used directly for printing. 



Wire Draw Down Bar # Approx. Add-on % 

0 3-5 
12 ^-J^ 
24 ^-30 

15 

For testing, an .^ilas Ci35 weatheromctcr controlled irradiance 
exposure system was used which provides high intensity daylight 
simulation with xenon source set at an average temperature of 63'C. an 
irradiance of l.lOW/m-/nm fat 420 nm). and a humidity of 30% in an 

20 industry standard test environment {ASTM G-26 Method 3). 

Color measurement was determined by an X-Ritc 938 
Spccirodensiiometer measurement and storage of full spectral cur\es. Tbj-ee 
measurements of each sample with averaging were performed with 
automatic calculation of CIELAB values. CIELAB calculated for D-50 

25 standard lighting conditions. The results are reported in the table below. 



70 h 







AH* 


HP 1600 on HP Control 


70 


7 


HP 1600 on HP with B-CD ( 1 4.0%) 


30 


S 


HP 1600 on HP with y-CD (5.5%) 


30 4 
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HP 855 on HP Control 


26 


6 


HP 855 on HP with 6-CD 


1- 


4 


HP 855 on HP with y-CD (5,5%) 


9 


4 



Additional tests yielded the following results. 



I5h 30h 70h 115h 200h 
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AH^ 


AE* 


AH* 


A£=^ 


AH- 


AE' 
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HP 1600 
on 

HP(Conir 
oh 


20 


17) 






70 


7 


color- 
less 


color- 
.ess 


color- 
less 


color- 
less 


HP 1600 
on HP 
with 

Additive 
Li with 6 


5 


3 


5 


3 


1 I 


5 


13 


5 


21 


6 


and 7 CD) 






















HP855 on 
HP(Contr 
ol) 


10 


9 






26 


8 


39 


S 


57 


8 


HP855 on 
HP with 
Additive 
U with S 




3 


4 


3 


4 


3 


6 


3 


to 


3 


and 7 CD) 























5 Additional tests yielded the rollowine results. 



Accelerated Fade Study of HP1600 on Coaled Paper 

15h 70h 





AE* 


AH* 1 AE* 


AH* 


HP Control 


20 


13 j 70 


7 


S-CD(9.2%) 


18 


13 i 42 


10 


B-CD(14.0%L 


14 


11 i 30 


8 


*HMPBS (3A%) 




- I 30 


19 


*HMPBS (5.1%) 




- 1 33 


21 


*HMPBS (8.6%) 




- i 27 


1 1 


*HMPBS + B-CD(5.7%) 




1 28 


1 1 
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29 


16 


f-K^U ( J. JVC J 






30 


4 


Y-CD(10%) 


8 


7 


29 


5 


^HMPBS + 6 +y(4.0%) (No 
precomplcxation) 






?7 


16 


*HMPBS + B + 7(9.0%) (No 
precomplcxation) 


5 






4 


B-CD + Y-CDri5.0%) 


18 


! 1 


29 


10 



( ) Dr>' add-on wt.wi on the sheet 

* Additive U 

Data point not taken 



5 Additional tests yielded the following results. 

Accelerated Fade Study of HP855 on Coated Papers 



ISh 70h 



Coating 


AE* 


AH' 


AE* 


AH- 


HP control 


10 


9 


26 


8 


e-CD (3.8%) 






10 


4 


C-CD (8.7%) 


7 


5 


14 


4 


C-CD(13.0%) 


6 


3 


14 


10 


*HMBPS (2.8%) 






14 


10 


*HMBPS (3.8%) 






13 


10 


*HMBPS (4.6%) 






1 I 


9 


Y-CD (5.5%) 






9 


4 


Y-CD(10.5%) 


8 


6 


18 


6 


•HMBPS + B + Y(3 0%»(No 
precompiexation) 






20 


13 


*HMBFS + 6 + Y(8.i%)(No 
precomplcxation) 


5 


*^ 


5 


4 


•HMBPS + B + Y(3 ;S:Krcpc30 (No 
precompiexation) 






,1 
t 


4 


B + Y(15%) 


6 


4 


18 


4 



Dry add-on wt.wt on the sheet 
Additive U 
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Da[a poini not taken 

The results suggest that pre-complc\atiun of Additive U with IS-CD 
sives superior results than when added separately. Pre-complexation of 
5 Additive U with \i-CD followed by naixing with y-CD gives maximally 

superior results. Additive U when coated on HP paper without cyclodexu-in 
provides some improvement. y-CD and 6-CD applied separately and 
tocether provides some improvement in light- fastness. 

10 Maving thus described the invention, numerous changes and 

modifications hereof will be readily apparent to those having ordinary' skill 
in the an. without deponing from the spirit or >copc of the invention. 
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Claims 



What IS claimed is: 



I . A stabilizing conipositton comprising a stabilizing molecule 
represented by the formula: 



R 

/ 



II \ ^ 
N Fb 

wherein: 

R| is hydrogen, an ulkyl, alkenyl, cycloalkyl. heierocycloalkyl. 

ar>'l. heteroaryl group, or substituted ar>'l group: 
10 R2 is hydrogen, an alkyl. alkenyl. cycloalkyl. heierocycioalkyl. 

ar>'l. heteroaryl group, or substituted ary l group: 

R3 is hydrogen, an alkyl. alkenyl. cycloalkyl. heierocycloalkyl. 
ar\'l. heteroaryl group, or substituted an,l group: 

R4 is hydrogen, an alkyl. alkenyl. cycloalkyl. heierocycloalkyl. 
1 5 ar\i. heteroaryl. or substituted arv'l group; 

R5 is an aryl. heteroarv'l. polyalkene, or substituted ar> 1 group; and 
wherein R|, R2. or R4 arc an aryl. heteroaryl. or substituted 3r>'l 

group. 

20 2. The stabilizing molecule of Claim 1. wherein the molecule 

has the formula: 

N 
11 

where m 

if R| IS an aryl group, then Ro is a hydrogen; heterocyclic; alkyl; 
25 arv'L or a phen> I group, the phenyl group optionally being substituted with 

an alkyl. halo, jrrano. or a thiol group; and 

if Rn 1^ an arvl gro^p. then Rj is hydrogen; heterocyclic; alkyl; arv'l. 
or a phenyl group, the phenyl group optionally being subsututcd with an 
alkyl. halo, anruno. or a thiol group: and 
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Rt, is an iirj. !. heteroan l. or substituted :\rA crcup. 



3. The siabilizing molecule of Claim 1. v-herein the molecule 
has the following ibrmuia: 



=^5 



N 
l\ 

CH — C 




10 



4. The stabilizing molecule of Claim 1. v-aerein the molecule 
has the following formula: 

r 

N 



5. The stabilizing molecule of Claim L vs herein the molecule 
has the followina formula: 



HO^S 





6. The stabilizing molecule of Claim 1. wherein the molecule 
has the folfowing formula: 



HO3S 




N 



=CH — C — CH? 
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7. The stabilizing moiecuie of Ciaim I. wherein the moleculi 
has the following formula: 



HO3S 



<^^^^C-CH=CH-CH, 



5 8. The stabilizing composition of Claim 1. wherein the 

composition fuaher comprises a molecular includant. 



9. The stabilizing composition of Ciami j^. wherein the 
molecular includant is associated with the stabilizing molecule. 

10. The stabilizing composition of Claim 9. wherein the 
molecular includant is covalcntly bonded to the stabilizing molecule and the 
colorant. 



15 II. The stabilizing composition of Claim 9, wherein the 

molecular includant is ethyl hydroxy P-cyclodexirin. 

12. The stabilizing composition of Claim I, funhcr comprising a 
derivatized phenol having the following formula: 



OR. 





wherem R| is iodine, or an alkyl group having between I and 5 
carbon atoms; 

Ri is jn iodine, or an alkyl group having between I and 5 carbon 

aionns; 
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R IS iodine, or an u[kyi group having between ! jnd 5 c.irbon 
aioms; and 

R^ IS a sugar, polyhydroxy compound, sulfonic acid sail 
compound, carboxyiic acid salt connpound. polycihcr compound, hydrogen, 
glucose, fructose, polyether sugar, monosaccharide, polysaccharide, 
cyclodexmn. or derivatizcd cyclodextrin. 

13. The stabilizing comoosition of Claim 12. wherein the 



derivadzed phenyl has the following formula: 

,0- H 




OH 



oy-ocH3-cH-^ 




CH 



14. The stabilizing composition of Claim 12. wherem the 
derivatizcd phenol has the following formula: 

' OH ^ u 




i-h(QV-och2-ch-<^ ; 



OH 



15. The stabilizing composition of Cium 1. furxhcc comprising a 
Group VII ion. 



16. The stabilizing composition of Claim 15, wherein the Group 
20 VII ion is iodide. 

17. The stabilizing composition of CLin^ 16, wherein the iodide 
is sodium ioc:Je or letrameihyl ammonium iodide. 

25 18. .A method of light-stabilizing a colorant comprising 

associating the colorant with a stabilizing composition, wherein the 
composition comprises a stabilizing molecule represented by the fonnula: 
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R, 

!l \ ^ 
N R3 
I 

wherein: 

R| is hydrogen, an alkyl. iiikenyi. cycioalkyL heterocycloalkyl. 
;ir> L heteroaryl group, or substituted ars'l group; 
5 R2 is hydrogen, an alkyi. aikcnyl. cycloalkyl, heterocycioaikyl. 

aryl. heteroanr l group, or substituted ary l group; 

R3 is hydrogen, an alkyi. aikcnyl, cycloalkyl. heterocycloalkyl. 
arv l. heteroar>'[ group, or substituted arv'l group: 

R4 is hydrogen, an alkyl, alkenyl. cycloalkyl. heterocycloalkyl. 
1 0 aryl. heierour\'L or substituted aryl group: 

R5 is an aryl. hctcroar>'l. polyalkcnc. or substituted ar\'l group; and 
wherein Ri. R2. or R4 arc an aryl. heteroaryl. or substituted ar>'l 

group. 

19. The method of Claim 18, wherein the stabilising molecule 
ha.s the formula: 

N 
It 

R,— C-CH=CH— R2 

wherein 

if R[ is an aryl group, then Rt is a hydrogen; heterocyclic; alkyl; 
aryl. or a phenyl group, the phenyl group optionally being substituted with 
an alkyl. halo, arnino. or a thiol group; and 

if Rt is an aryl group, then R] is hydrogen; heterocyclic: alkyl; aryl. 
or a phenyl group, the phenyl group optionally being substituted with an 
aJkyi. halo, amino, or a thiol group; and 

R3 is an aryl. heteroaryl, or substituted aryl group. 

20. The method of Claim 18, wherein the stabilizing molecule 
has the foUowins formula: 



20 
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15 



N 



<P^H=C.J!-<g) 



21. The method of Claim 18, wherein the ritabilizing moiecuie 
has the followins formula: 



<^>-CH=CH- 



N 
II 

-C-CH3 



22, The method of Claim 18. wherein the stabiiiTiing 
composition funher comprises a molecular includant. 

10 23. The method of Claim 22, wherein the molecular includant is 

covalemly bonded to the stabilizing molecule and the colorant. 

24. The method of Claim 22. wherein the molecular inci jdani is 
ethyl hydroxy P-cyclodextnn. 



25. The method of Claim 18. wherein the stabilization 
composition further comprises a derivaiized phenol having the following 
formula: 




20 wherein R\ is iodine, or an alkyl group havmg between 1 and 5 

carbon atoms. 

R-? IS an iodine, or an alkyl group having between 1 ^ind 5 carbon 

atonis; 
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R3 IS iodine, or an alkyi group having between I and 5 carbon 
atoms; and 

R4 is a sugar, polyhydroxy compound, sulfonic acid sail 
compound, carboxylic acid salt compound, polyether comp{)Lnd, hydrogen, 
glucose, rructose, polyether sugar, monosaccharide, polysaccharide, 
cyclodextrm. or derivatized cyclodcxtrin. 

26. The method of Claim 25. wherein the derivatized phenol hx^ 
the following formula: 

CH. ^OH 



27. The method of Claim 25, wherein the derivaiized phenol has 
the following formula: 

I— (Q)-OCHj-CH-^ >^0H 



28. The method of Claim IJs, wherein the stabilization 
composition further comprises a Group VII ion, 

29. The method of Claim 28. wherein the Group VII ion is 
20 iodide. ' 

30. The method of Claim 29. wherein the iodide is sodium 
iodide or tctramcthvl ammonium iodide. 



25 



31. A composition comprising a stabilizing molecule and a 
colorant, wherein the stabilizing molecule is a derivatized phenol having the 
following formula: 
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wherein R[ is iodine, or an aikyi group having between i and 5 
carbon atoms: 

R2 is an iodine, or an alkyi group having between 1 and 5 carbon 

5 atoms; 

R3 is iodine, or an alkyI group having between I and 5 carbon 
atoms; and 

R4 IS a sugar, polyhydroxy compound, sulfonic acid salt 
compound, carboxylic acid salt compound, polyether compound, hydrogen. 
10 glucose, fructose, polyether sugar, monosaccharide, polysaccharide, 

cyciodextrin. or derivatized cyclodextrin. 

32. The composition of Claim 31, wherein the cyciodextrin is a- 
cyclodextrin, P -cyciodextrin, 7-cyclodextrir. hydroxy propyl 3- 
15 cyciodextrin. hydroxyethyl (i-cyc!ode\trin, hydrcxyethyl a cyciodextrin. 

carboxymethyl a cyciodextrin. carboxymethyl [J cyciodextrin. 
carboxymcthyi y cyciodextrin, ociyl succinates a cyclodextrm, octyi 
succinated P cyciodextrin. octyi succinaled 7 cyciodextrin. sulfated P 
cyciodextrin. or sulfated Y-cyclodextrin. 



33. The composition of Claim 31. vv herein the derivatized 
phenol has the followinc formula: 

0CH2-CH-r^ h7"0H 




t-r ^OH 



25 



34. The composition of Claim 31. wherein the derivatized 
phenol has the following formula: 



102 




10 



15 



20 



35. The composiiion of Claim 31, wherein the cyclodextrin is 
covaietuly bonded (o ihe stabilizing molecule and the colorant. 

36. The composition of Claim 32. wherein the cyclodextrin is 
ethyl hydroxy p-cyclodextrin. 

37. The composition of Claim 31. further comprising a Group 
VII ion. 

38. The composiiion of Claim 37. wherein the Group VII ion is 

iodide. 

39. The composiiion of Claim 38. wherein the iodide is sodium 
iodide or tctramethyl ammonium iodide. 

40. A method of light stabilizing a colorant comprising 
a.^socialing the colorant wiih a stabilizing composiiion comprising a 
stabUizing molecule, wherein the stabilizing molecule is a dcnvauzed phenol 
having the following formula: 




wherein 



Ri IS iodine, or an alkyi group having between I 



carbon atoms. 

R-> IS an I 



odme. or an alkyI group having between I and 5 carbon 



atoms; 
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R3 IS iodine, or an alky! group havine between I and 5 carbon 
atoms: and 

R4 is a sugar, poiyhydroxy conapound, sulfonic acid salt 
compound, carboxylic acid salt compound, polyeiher compound, hydroeen, 
glucose, fructose, polyether sugar, monosaccharide, polysaccharide, 
cyclodcxirin. or derivatized cvclodcxirin. 



10 



41. The method of Claim 40. wherein ihc cyclodexirin is a- 
cyclodextrtn, p-cyclodextrin. y-cyclodextrin. hydroxypropyl [1- 
cyclodextrin. hydroxyethyl P-cycIodextrin. hydroxyethyl a cvclodexirin. 
carboxymethyl a cyclodextrin. carboxymethyl P cyclodcxirin. 
carboxymethyl y cyclodextrin, ociy! succinated a cyclodextrin. octyl 
>ucc!nated p cyclodextrin. octyl succinated y cyclodcxirm. sulfated P 
cyclodextrin. or sulfated y-cyclodextrin. 



42. The method of Claim 40. wherein the derivatized phenol has 
the following formula 

XH3 



CH 




OH 



H 



CH3 ^^^^"^OH 



20 



43. The meihod of Claim 40. wherein the dcrivaii'^ed phenol has 
the following formula: 

,1 



-OCHg-CH-^^ hTOH 



l-r ^OH 



25 



44. The method of Claim 40, wherein the cyclodextrin is 
covalently bonded to the stabilizing molecule and the coloram. 



45. The method of Claim 42, wherein the cyclodextrin is ethyl 
hydroxy P-cyclodextrin. 
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46. The method of . Claim 40, wherein the stabili^inc 
composition further comprises a Group V'll ion. 

5 47. The method of Claim 4C\ whe rem the Group V 11 ion is 

iodide. 

48. The method ot" Claim -i". whcrcm ihe iodide is ^^)dlum 
iodide or teiramethyl ammonium iodide. 

10 

49. A composition comprising a stabilizin-^ molecule and a 
colorant, wherein the stabilizing molecule li a Group V'll '.on. 

50. The composition of Claim 49. wherein ihe Group V'll ion is 

15 iodide, 

5 1 . The composition of Claim 50. wherein tr.e iodide is sodium 
iodide or tetrameihyl ammonium iodide. 

20 52. The composition of Ci^im 49. t'urther comprising n 

molecular includant. 

53 The composition of Claim 52. wherem the molecular 
includani is associated with the stabilizing molecule and ;he colorant. 



25 



54. The composition of Claim 53, wherein ihc molecular 
includant is covaJeniiy bonded to the stabilizing molecule and the colorant. 



55. The composition of Cliim 52. wherein the mioiecular 
30 includant is c:h\ 1 hydroxy P-cyclodextrin. 

56. .-N method of light stabilizing a coiorant comprising 
associating tnc colorant with a stabilizing composition comprising a 
stabilizing molecule, wherein the stabilizing molecule is a Group VII ion. 

35 
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57. The method of Ciaim 56. wherein the Group \'\\ ion i> 

iodide. 

58. The method of Claim 57, wherein the iodide sodium 
iodide or tctramethyl anunonium iodide. 

59. The method of Ciaini 56. wherein the ^libilizinc 
composition funhcr com; prises a m.oicjular includant. 

60- The method of Claim 59, wherein the molecular includant u 
a.ssociated with the stabilizing molecuie and the colorant. 

6 1 . The method of Claim 60. wherein the molecular inciudant i> 
c{)vjlcntly bonded to the stabilizing molecule and the colorant. 

62. The method of Claim 59. wherein the molecular tnciudant is 
ethyl hydroxy [J-cyclodexirin. 

63. A stabilizing composition comprising three s^.oiiizing 
molecules. 

wherein the first stabilizing molecule is a dcrivatizeJ pheno! 
represented by the formula: 




R3 

wherein R\ is iodine, or an alkyi group having between 1 and 5 
carbon atoms; 

R2 is an iodine, or an alkyl group having between I and 5 carbon 

atoms; 

R3 is iodme. or an alkyl group having between I and 5 carbon 
atoms; and 
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R4 is a sugar, polyhydroxy compound, .sulfonic acid .sail 
compound, carboxylic acid sail compound, polyether compound, hvdrogen, 
glucose, fructose, polyether sugar, monosaccharide, polysaccharide, 
cyciodextrin, or derivatizcd cyclodexLnn: 

wherein the second stabilizing molecule is u cyciodextrin or a 
derivative thereof: and wherein the third stabilising molecule ts a Group VII 
ion. 

64. The composition of Claim 63. wherein the second stabilizing 
molecule is hydroxyeihyl P-cyclodextr:n, and ihe third stabilizing molecule 
is an iodide ion. 

65. The composition of Claim 64. wherein the derivatized 
phenol has the following formula: 




66. The composition of Claim 64. wherein the derivatizcd 
phenol has the following formula: 




67 . .\ method of stabUizing a coiorant comprising xssociatmg the 
colorant with a stabilizing composition, wherein the stabilizing composition 
comprises three stabilizing molecules. 

wherein (he first stabilizing molecule is a derivatized phenol 
represented by the tbrmula: 
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) — 0R4 



wherein Rj is iodine, or an alkyl croup havin-i: between 1 and 5 
carbon atoms: 

R-) is an iodine, or an alkyl group having between 1 and 5 carbon 

5 atonis; 

R-; is iodine, or an alkyl group having between 1 and 5 carbon 
atoms, and 

R4 IS a sugar, poiyhydroxy compouno. sulfonic acid salt 
compound, carboxylic acid salt compound, polycther co.-npound. hydrogen. 
10 Glucose, fructose, poiyethcr sugar, monosaccharide, polysaccharide. 

CYclodexirin, or derivatized cyclodexuin; 

wherein the second stabilizing molecule is a cyclodextrin or a 
derivative thereof; and wherein the third stabilizing molecule is a Group VII 
ion. 

15 

68. The method of Claim 67. wherein the second stabilizing 
molecule is hydroxyethyl P-cyclodexirm. and the third >:abilizing molecule 
is an iodide ion. 

20 69. The method of Claim 67. wherein the denvaiized phenol has 

the following formula 

OH ^ 
OCH2-CH— i;^ H/^OH 




OH 



70. The method of Claim 67, wherein the derivatized phenol has 
25 the following formula 
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^1 FT ^OH 



71. A composition comprising an ink jei ink admixed with a 
derivaiizcd P-cyclodextrin. 

5 

72. The composition of Claim 71 wherein the derivattzed (3- 
cyclodexirin is an eihyi hydroxy p-cyclodextrin. 

73. A composition comprismg an admixture of a colorant, a 
10 liquid vehicle, and ethyl hydroxy (J-cyclodcxirin. wherein the composition 

is suitable for ink jet printing, 

74. An ink jet printer ink cartridge comprising an ink jet printer 
ink cartridge containing an ink composition comprising an admixture of a 

15 " colorant, a liquid vehicle, and eihyi hydroxy [J-cyclodextrin. wherein the 

ink composition is suitable for ink jet printing. 



75. A method of printing comprising forming an image on j 
substrate with the composition of Claim 71. 

76. A composition comprising a stabilizing agent in or on a 
substrate. 



77. The composition of Claim 76, wherein the stabilizing agent 
25 is a reducing agent or a molecular includant. 

78. The composition of Claim 77. wherein the stabilizing agent 
is a molecular mciudant. 

30 79. The composition of Claim 78. wherein the molecular 

includani is a claihrate. intercalate, zeolite, crown ether, calixarcne. 
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valinomycin (ype na(ural antibioiic. niyericin type nuiural unuoiotic. or 
cyclic compound coniainine a piiiraJity or' pyranosc rinui. 

80. The composiiion of Claim 79. wherein the cyclic compound 
5 is a-cyclodexcrin. p-cyciodextrin. y-cyclodextrin. 5-cyciode\tfin. 

hydroxypropy! P-cyclodex:rin. hydroxycihyi p-cyciodextrin. hydroxyechvi 
a-cyclodcxinn. carboxymethyl a-cyclodextrin. carbox vmethvl [}- 
cyclodextrin. carboxymethyl y-cyclodcxirin, octyl succinatcd a- 
cyclodextrin. octyl succinated P-cyclodextrin, ociyl .succmaied y- 
10 cyclodextrin. sjli'ated P-cyclodextrin. sulfated y-cyciodexirm. hvdroxyethy! 

y-cyclodextri". hydroxyisopropyl y-cyclodextrin, hydroxypropyl y- 
cyclodextrin. octyl succinate y-cycIodextrin, or carboxymethyl y- 
cyclodextrin. 

15 81. The composition of Claim 79. u hcrein the cyclic compound 

is y-cyclodexir:n or hydroxyethyl y-cyclodextrin. 



20 



82. The composition of Claim 77. wherein the stabilizing agent 
is a reducing a^ent. 



83. The composition of Claim 82. wherein the reducing agent is 
sodium thiosulrate (Na2S203). sodium sulfite lNa2S03). cysteine, sodium 
nitrite, sodium phosphite, sodium citrate, citric acid, a.scorbic acid, boron 
hydride, dithionite, hydrazine, thiourea-dioxidc, hydrogen sulphite. 

25 potassium sulrV.i, ammonium sulfite, sodium hydrogen sulfite, potassium 

hydrogen suli'.:e, ammonium hydrogen sulfite, sodium trithionite. or a 
polyhydric phenol. 

84. The composition of Claim 83. wherein the reducing agent is 
30 sodium thiosu.;::c. 

85 The composition of Ciaim 76. wherein the stabilizing agent 
is a molecular -.r.^ludani and a reducing agent. 
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86. A memod of light-sijbiiizing u colorant Lomposition. 
comprising :issociaimg ihc colorant composition with the composition ol 
Claim 76. 

5 S7. The method of Claim 86. wherein the stabilizing agent is a 

reducing agent or a molecular includant. 

88. The method of Claim 87. wherem the stabilizing agent is a 
molecular includant. 

10 

89. The method of Clain: S8, wherein the molecular includant is 
a clathrate. intercalate, zeolite, crown ether, calixarenc. valinomycin type 
natural antibiotic, nigericm type natural antibiotic, or cyclic compound 
containing a plurality of pyranose rings. 

15 

90. The method of Claim 89. wherein the cyclic compound is a- 
cyclodexirin. P -cyclodexirin. y-cyclodextrin. 5-cyclodexinn, 
hydroxypropyl (i-cyclodextrin. hydro .\ycthyl (i-cyclodextrin. hydroxyethyl 
a-cyclodcxtrin. carboxymethy! a-cyclodextrin. carboxymeihyl p- 

20 cyclodexirin. carboxymethy! y-cyclodextrin. ociyl succinated a- 

cyclodexirin. octyl succinated P-cyclodextrin. octyl iuccinated y- 
cyclodextrin. sulfated P-cyclodcxirin. sulfated y-cyclodextrin. hydroxyethyl 
y-cyclodexirin, hydroxyisopropyl y-cyclodexirin. hydroxypropyl y- 
cyclodextrin. octyl succinate y-cyclodcxtrin. or carboxymeihyl y- 

25 cyclodexirin. 

91. The method of Claim 89. wherein the cyclic compound is y- 
cyclodcxirin or hydroxyethyl y-cyclodexirin. 

30 92. The method of Claim 87. wherein the stabilizing agent is a 

reducing agent. 

93. The method of Claim 92, wherein the reducing agent is 
sodium thiosulfatc (Na2S203). sodium .sulfite (Na2S03), cysteine, sodium 
35 nitrite, sodium phosphite, sodium citrate, citric acid, ascorbic acid, boron 
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hydride, dithionite. hydrazine, thiourca-dioxide. hydrogen sulphite, 
potassium sulficc. ammonium sulfue. sodium hydrogen sulfite, potassium 
hydrogen sulfite, ammonium hydrogen sulfite, sodium irithionite. or a 
polyhydric phenol. 

94. The method of Claim 93. wherein the reducing agent is 
sodium thiosulfate. 



95. The method of Claim 86. wherein the stabilizing agent is a 
1 0 molecular includant and a reducing agent. 

96. The method of Claim 86. wherein the colorant composition 
comprises a colorant, a liquid vehicle, and a stabilizing additive. 

15 97. The method of Claim 96. wherein the stabilising additive is 

an ar\'limjnealkene. a molecular includant. a triiodophcnoi. a triiodophcnol 
derivative, a triarylphenol. a iriarylphenol derivative, a Group V|[ ion, or a 
reducing agent. 

20 98. The method of Claim 97. w^herein the stabilizing additive is 

an arv'lirruneaikcne, a molecular includant, and a Group VII ion. 

99. The method of Claim 98. wherein the aryliminealkene is 
chalcone fuschin iminc. the molecular includant is hydroxyethyi P- 

25 cyclodexirin. and the Group VII ion is iodide. 

100. A composition comprising a colorant and a stabilizing agent, 
wherein the stabilizing agent is a porphine. 



30 



1 0 1 The composition of Claim 100. wherein the porphine is Cu- 
meso-tetra-(4-suifanatophenyl)-porphine or Cu.-meso-leira-(N-meihyl-4- 
pyridyD-porphme. having the following structures, respectively: 



PCT IS^b 1^160 




102. The composition of Claim 100, wherein the poiphinc is C 
meso-letra-{4-sulfanatophenyl)-porphine or Co-meso-tetra-(N-methyl- 
pyridyD-porphinc. having the following structures, respectively: 
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5 103. The composition of Claim 100. further comprising a 

molecular includant. 



10 



104. A composition comprising a colorant and a stabilizing agent, 
wherein the stabilizing agent is dimethyl amino benzoic acid quai. 
represented by the following structure: 
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105. The composition of Claim 104. further comprising -jl 
molecular inciudant. 

1 06. A composition comprising a colorant and a stabilizmc agent, 
wherein the stabilizing agent is a basic t'uschin hydrazo.ne. represented by 
the following structure: 



107. A composition comprising a colorant and a stabilizing agent, 
wherein the stabilizing agent is a benzophenone of the general formula: 



wherein R represents any substituents which permit the 





N 




benzophenone :o function a.s a colorant stabilizer. 



108. The composition of Claim 107, wherein the benzophenone is 
2-hydroxy-4.mc!hoxy-benzophenonc-5-sulfonic acid, represented by the 
following structure 
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.OH 




SO3H 



109. The compusition of Claim 1051. rurihcr comprising' a 
molecular includant. 

110. The composition of Claim 109. wherein the molecular 
includant is a claihrate. intercalate, zeolite, crown ether, calixarene. 
valinomvcin type natural antibiotic, nigericin type natural antibiotic, or 
cyclic compound containing a plurality ot" pyrano.se rings. 

111. The composition of Claim 110. wherein the cyclic 
compound is u-cyclodexirin. (i-cyclodexcrin. y-cyclodexirin, 5- 
cyclodextrin. hydroxypropyl (i-cyclodextrin. hydroxycthyl p-cyclodexirin. 
hydroxyethyl a-cyclodextrin. carboxy methyl a-cyclodexirin. 
carboxymethyl p-cyclodextrin, carboxymethyi y-cyclodcxtrin, octyl 
succinaied a-cyclodextrin. octyl succinaced P-cyclodextrin. ocryl succinaied 
y-cyclodextrin. .sulfated P-cyclodcxtrin. sulfated 7-cyclodextrin. 
hydroxyethyl y-cyclodexirin, hydroxy isopropy I y-cyclodextrin. 
hydroxypropyl y-cyclodextrin, octyl succinate y-cyclodcxirin, or 
carboxymethyl y-cyclodextrin. 

112. .A method of light-stabilizing a colorant composition, 
comprising associating a colorant composition with a porphine. 
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113. The method of Claim 112. wherein the porphine is Cu- 
meso-tetra-i4-sulfanatophenyl)-porphine or Cu-meso-tctra-{N-methyl-4- 
pyridyO-porphme. having the following structures, respectively: 



wo9T.-:oooo i'CTusyf..ici6'* 
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i 14. The method of claim 1 12, wherein :he porphinc is Co-meso- 
te[ra-{4-sulfaniiiophenyl)-porphine or Co-meso-ictr2-{N-methyl-4-pyridyi}- 
porphine. having the following struaureS, respecti\ely: 
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! 1 5 The method of Claim 112. further comprising associating a 
molecular .ncludant w.th the colorant composition and the porphine. 

!15 A method of nght-stabili7.ing a colorant composition, 
compr.s.r.g associating a colorant composition with a basic fuschir 
hydrazont represented by the following structure: 
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1 19. The method of Claim 1 18. further comprising associating a 
15 molecular includant with the colorant composition and the benzophenone. 



117. A method of light-stabilizing u colorant composition, 
comprising associating a colorant composition witfi a benzophenone of the 
eeneraJ formula: 

wherein R represents any substituents which permit the 
benzophenone to function as a colorant stabilizer 

I IS. The method of Claim 1 17, wherein the benzophenone is 2- 
hydroxy-4-mcthoxy-bcnzophenone-5-sulfonic acid, represented by the 
following structure: 

.OH 




\ 

-SO3H 



WORLD INTELLEC.X'AL PROPERTY ORGANIZATION 
Inumauonat Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATS' (PCT) 



(Sn Inumational Patent Classification ^ : 

C09B 67/00, C09K 15/04, 15/18, C07C 251/24. 
309/46. C09D 11/00, C07H 15/203. CO^O 487/22. 
C07C 39/27. 303/08 



A3 



(II) International Publication Number: 
i (43) International Publication Date: 



WO 97/^0000 

5 June 1997 (05.06.97) 



(21) International Application Number: PCT.US96/I9169 

(22) International Filing Date: 27 November 1996 (27. II. 96) 



(30) Priority Data: 
08/563.381 
08/589.321 
08/627.693 



28 November 1995 (28.11.95) US 
22 January 19% (22.01.96) L'S 

29 March 1996 (29.03.96) LS 



(7U Applicant: KIMBERLY-CLARK CORPORATION {US/US;; 
401 North Lake Srrcet. Necnah. WI 54956 (US). 

(72) Inventors: NOHR. Ronald, Sinclair. S955 Ncsbit Lakes Drive. 
Alpharerxa. OA 30202 (US). MACDONALD. John. Gavin; 
1472 Knollwood Terrace. Decatur. GA 30033 (US). 

(74) Agents: WARREN. William. L.. Jones & .Askew. 37th ficor. 
191 Peachirec Street N.E.. Atlanta, Ca .^0303 (US) ci al. 



(81) Designated States: AL. AM. AT. AU. AZ. BA. B3. 8G. BR, . 
BY. CA. CH. CN. CU. C2. DE. DK, EE. ES. FL GB. GE. \ 
HU. IL. IS. J?. K£. KG. KP. KR. KZ. LC. LK. LR. LS. j 
LT. LU, LV. MO. MG. MK. NIN. MW, MX. NO. NZ. PL. 
FT. RO. RU, SO. SE. SG. SI. SK. TJ. TM, TR. TT. UA. ' 
UG. UZ. VN. ARIPO paier.t (K£. LS. NIW. SD. SZ, UG). 
Eurasian patent (AM. AZ. BY. KG. KZ, MD. RU. TJ. TM). 
European patent (AT. BE. CH. DE, DK. ES. FI. FR. GB. 
GR. IE. IT. LU. MC. NL. PT. SE). OaP! patent (BF. BJ. ^ 
CF. CG. CI. CM. GA. GN. ML. MR. NE. SN. TD. TG). 



Published ! 
With ifuemational search report. 

Before the expiration of the time limit for amendtAg the 
claims and to be republished in the event of the receipt of ; 
amendments. ' 

(88) Date of publication of the international search report: : 

25 September 1997 (25.09.97) ' 



(54) Tide: IMPROVED COLORANT STABILIZERS 
(57) Abstract 

The present invention comprises colorant subilizers and a colorant composition which includes a colorant and a colorant stabilizer. 
The colorant stabilizer impans light -stability to ihc coiorant so iha: the colorant docs not fade when exposed to electromagnetic radiation 
such as sunlight or artificial light. 



FOR THE PURPOSES OF INFORMATION ONLY 

* Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Anneaia 


GB 


Untieil Kin|,ion 


MW 


Maftwi 


AT 


Auuria 


GC 


Georgia 


MX 


Mciico 


AC 


AusQiiit 


GN 


Guinea 


NC 


Niger 


B8 




GR 


Greece 


NL 


Netheriuxb 


BE 


B«lgin 


HU 


Hunguy * 


NO 


Norway 


BF 


Burtka Ftso 


IE 


Iretvut 


NZ 


New ZeaUrul 


BC 


Bnlftra 


IT 








BJ 


B<ttia 


JP 


itpui 


PT 




BR 


BmU 


KC 


Kenyi 


RO 


Romania 


BY 


BeUna 


KG 


Kyrtyuvx 


RU 


Russian Fedeniion 


CA 


Cintda 


KP 


OemocTvic Peopk't Republic 


SO 


Stidan 


cy 


Ccfml Africn Repubtic 




of Korei 


SC 


Sweden 


cc 


Conto 


ICR 


Republic of Kortj 


SG 


Singapore 


CH 


Swttxeritod 


KZ 


Kuuhsun 


SI 


Sloven ta 


ct 


COtt d'lvouc 


U 


Ltec foe lets 


SK 


StOTtfcta 


CM 




LK 


SH U.1U 


SN 


Senegal 


CN 


Chiu 


Ul 


Uberu 


sz 


Swaziland 


cs 




LT 




TO 


Chad 


cz 


Cxecb Republic 


LU 


Ltuembouri 


TG 


Togo 


DE 


Ceniufly 


LV 


Lirvii 


TJ 


Tajiktstin 


OK 


Oenmvt 


MC 


MOAICO 


TT 


Tlimdad and Toba^ 


EC 


Esionii 


MO 


Republic oi Moldovt 


UA 




CS 


Spain 


MG 


Madtfucir 


uc 


Uganda 


Ft 




ML 


Mali 


us 


United Slates of Amenca 


FR 


Frmce 


MN 


Montolia 


uz 


Uzbekinaa 


CA 


Cttea 


MR 


Maunttflu ' 


VN 


Viet Nam 



I^4TERNATI0NAL SEARCH REPORT 



Inxnvtoc \ppici30n No 

PCT/US 96/19169 



A. CLASSIFICATION OF SUBJECT MATTER ' ' 

IPC 6 C09B67/00 C09K15/04 C09K15/18 C07C251/24 C07C309/46 
C09O11/0O C07H15/203 C970487/22 CG7C39/27 C07C3O3/O8 

AccoPtHni a tntrmasonii Ptunt OtinficAaoo (tPQ or to both niaonii cJmficascn ind IPC 



8. FIELDS SEARCHED 



Mifumuni oocumenuaon xuf:ned (disnficaQon jyntm fof lowed by dimficinon tyrntXJJsl 

IPC 5 CG98 C09K C07C 0090 



OocuiiKnuaon leircnto omer tnm mimmum oocumcnuooo to the exicni out nxh aocumeny art included in uie fteids it, 



Elecropjc aau b*se consultfd dunng tne ui«miQoaiJ learch (name o( dau txuc md, wnere pncncaJ. i«feft ttrru ttud) 



C00CLMENT5 CONSIDERED TO BE RELEVANT 



Catc|ory ' Outicn of documera, wiih uididoon, what tppropriAic. of the nicvant puufci 



ReUvint to claun No. 



CHEMICAL ABSTRACTS + INDEXES., 
vol. 82, no. IG, 10 March 1975, 
page 147 XP0O2O36O73 

KARMANOVA L S ET AL: "LIGHT STABILIZERS 
OF DAYTIME FLUORESCENT PAINTS" 
see abstract 

& STSSININTILL. ORG. LYUHMINOFORY, , 

1972, 
pages 151-156, 

OD 271 512 A (TECHNISCHE HOCHSCULE "CARL 
SCHORLMMER") 6 September 1989 
see the whole document 

WO 95 04955 A (KIMBERLY CLARK CO) 16 

February 1995 

see the whole document 

-/" 



1-30 



1-30 



1-30 



Further < 



■ Mn bAcd m ^ oonttnuaoon of tei C. 



Patots family menbo^ m Intcd m annex. 



' Speoal catetoncs^of oud 

'A* <locwRc« dafiuag Oic icncraJ oiu of the an wtuch IS not 
consd«rcd to be of pancutar Rlcvancc 

'E' earlier documott but putaUthed oo or aiW the uncmaconal 
rUini dau 

'L' dooantm vtvch may 9«w doubts on pnonty dam^i) or 
wtv A u cced lo cftaUtth (he putitieaoon dale of uwcwr 
aUQon or other fpcaaJ rvaaon (as 7«aOcd) 

'O' docuncm ntfsnBi to an oral disdann. use. otfubition or 
oOicr tneaas 

'P* docomcm pufabdied pnor to (he imemaoonal nitnt daic but 
Utcr than (ha pnonty dau daimed 



*T* later doacnott pubtidicd aAcr the mcemaaonal filinf dau 
or pnonty d«c and ntx tn cooAki wiid the ippticaaon but 
ated 10 tndcntand ttic pnmple or theory undcnytnc ffie 
(nveaoon 

'X' <*oc«neni of partieuUr rtievinee; t»« daimerf in*«ioon 
eannoc be ootrndcred novel or eanaoc be confldcrcd to 
ia*o*v« an invenow oep when the docvncnt u taken alortc 

'Y- dooraeni of paroaiar relevance; *e daimed invenoon 
caanot be eonsdered to mvoivc m tn««ttOv« when the 
docwncns u combined mth one or more other such docu> 
mentx. nich oomtanaooo bonf otmous to a penoei ikjllcd 
tn the art. 

*&* document monbo' of the umc patent family 



Oau of the actual completion of the tmsruaonal learch 

25 July 1997 



Data of matlms of th* imerrufioral tearch report 

tl. 08. 1997 



Name and mailing aO/^ra of the (SA 

Etiropean Patent Offiot. P.B. Stll Patendaan 2 
NX . UIO HV Ripw* 
Td. (-^JI-TO) UO-WK Tl 31 6^1 epo ot, 
Fajc(* 11-70) }40>ni6 



Auihonzed ofBccr 



Oauksch, H 



Font PCTniAltO (u 



1 IIIMt) liulT ItfU 



page 1 of 4 



INTERNATIONAL SEARCH REPORT 



PCT/US 96/19169 



C.(Conanu*a<») DOCUMENTS CONSIDERED TO BE RELEVANT 



Citcfory * Outton of documenu w!(h mAciQon. wf»ert ippropntic, oi th< rdev»m puufcs 



Relevant to cium No. 



P. A 



US 4 085 062 A (ViRGILIO JOSEPH A ET AL) 

18 April 1978 

see the whole document 

WO 96 22335 A (KIMBERLY CLARK CO) 25 July 
1996 

see page 4» line 25 - page 5, line 28 

JOURNAL OF ORGANIC CHEMISTRY. 

vol. 51. 1986, AMERICAN, 

pages 1848-1852, XP002036074 

J.J. EICH ET ALL: "SELECTIVE. OXOPHILIC 

IMINATION OF KETONES WITH 

8 1 S ( 0 1 CH LOROA LUM I NUM ) PH EN Y L I M I OE " 

see the whole document 

US 3 341 492 A (A.E. CHAMP ET AL) 12 
September 1967 

see column 2, line 51 - column 3. line 10 

EP 0 639 664 A (BASF CORP) 22 February 
1995 

see abstract 

CHEMICAL ABSTRACTS, vol. 67, no. 23, 

4 December 1967 

Columbus. Ohio, US; 

abstract no. 108946, 

XPO02G36O75 

see abstract 

i CS 120 380 A 

US 4 803 008 A (CIOLINO LAURA A ET AL) 7 
February 1989 
see abstract 

EP 0 609 159 A (NOVALIS FIBRES) 3 August 
1994 

see abstract 

DATABASE WPl 

Section Ch. Week 7943 

Derwent Pubii canGns Ltd., Lc-rrdcrj. GB; 

Class All, AN 79-77949B 

Xf>Oe2036e67 

& JP 54 117 536 A (KAWASHIMA F) . 12 
Septeniier 1979 
see abstract 

-I" 



I-3G 



1-30 



1-30 



31-48 



31-48 



31-48 



49-70. 
77-90 



49-70 



63-70. 
76,99 



i (July imi 



page 2 of 4 



INTERNATIONAL SEARCH REPORT 



lr.*xrpaa \3piic*3on No 

PCT/US 96/19169 



CjConamuQonj DOCUMENTS CONSIDERED TO BE RELEVANT 




GuQon of document, wim tndictcon. wtMTc ippropn^tc. o( the rdcvani p4suta 


RelcvAAt (o ctum No. 


1 

M 

! 


UnlrtDMjC fir I 

Section Ch, Week 9324 

Oerwent Publications Ltd., London. GB; 

Class C03, AN 93-191397 

XP002036068 

& JP 05 117 1G5 A (MITSUI TOATSU CHEM INC) 
, 14 nay 

see abstract 


63-70 


A 


EP G 608 433 A (SHISEIOO CO LTD) 3 August 
1994 

see the whole document 


63-70, 
104,105, 
107-111, 
117-119 


A 

A 


UhIMDAjC. nrl 

Section Ch, Week 8645 

Oerwent Publications Ltd., London, G8; 

XPOO2O36069 

& SU 1 219 612 A (AS USSR NON-AQ SOLN) , 
23 March 1986 


112-115 


A 


US 3 546 161 A (WOLHEIM JOSEPH B) 8 
December 1970 


104,105, 
107-111 


X 


EP 0 351 615 A (BASF AG) 24 January 1990 
see page 6, 1 ine 35 - 1 ine 40 


107-111, 
117-119 


A 


rt&TAQA^P UPT 
UAihdMjC nrl 

Section Ch, Week 8612 

Oerwent Publications Ltd., London, G8; 

UiaSS MO 7 , Mil OO w/OOUJ 

XPO02O36O7O 

& JP 61 027 288 A (SUMITOMO CHEM IND KK) . 
6 February 1986 

Sec auSLrauk 


107-111, 
117,119' 


A 


EP 0 280 458 A (CANON. KK) 31 August 1988 
' see abstract 


71,91 


X 


US 5 108 505 A (MOFFATT JOHN R) 28 April 
1992 

see the whole document 


71-91 


X 


US 5 302 195 A (HELBRECHT BARBEL £T AL) 

12 April 1994 

see the whole document 


71,91 



page 3 of 4 



2 



INTERNATIONA r QTAOru Dcnz-Ar^T- 


PCT/US 96/19169 


(-.(Cononmaoo) OOCL'MESTS CONSIDERED TO BE RELEVANT — ^ _ 


^Aicgory j QuQon of docunenc *im mfflcaaoft. where 4ppropn*te. q< tn* rcttv^t 7««*^t 


Rclevtj-.t to cJttm No. 


X 


DATABASE WPI 

Section Ch, Week 8929 

Oerwent Put3l ications Ltd., London, GB- 

Class A97, AN 89-21Q1G3 

XPG02036071 

& JP 01 146 974 A (CANON KK) , 8 June 1989 
see abstract 




7^ 91 


X 


DATABASE WPI 

Section Ch, Week 8940 

Derwent Publications Ltd., London, GB; 

Class A97, AN 89-288623 

XP0O2036072 

& JP 01 210 477 A (CANON KK) . 24 August 
1989 

see abstract 




71-91 

i 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 441 (M-1177), U November 

1991 

& JP 03 184896 A (OAINIPPQN PRINTING CO 
LTD). 12 August 1991, 
see abstract 




76,86 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 014, no. 379 (M-1012), 16 August 1990 

& JP 02 141287 A (OAINIPPON PRINTING CO 

LTD), 30 May 1990, 

see abstract 




76-99 


A 


EP 0 029 284 A (GELMAN SCIENCES INC) 27 
May 1981 

see page 7, line 4 - page 9, line 19 




76, 

107-111 



page 4 of 4 



INTr.R>AriO-N\L St ARCH RtPORT 



Iniern-ijona. i:;licaucn No 

PCT/US 96/ 19169 



Box 1 Observations where certain claims were found unsea/chable (Continuauon of item 1 of first sheet i 

Thw Interniuonii Scuch Report hit not tctn tsubfished in rci?«i of certun ciums under Arucle I7(7)(i) for the following reuons; 
: . I j Ciumj Noi.: 

because tncv relate '.o subject miller net recuircd to be icuched by Lhis Authority. na.-neiy: 



I Claims Noi.: 

' because they relate to parts of the International Appticauon that do not comply with the prescribed requtrcmenu to such 

an e*wnt thai no meaningful Intcrnauonal Search can be carried out, specificaily: 



i, [ 1 Clajms Nci.; 

' because they are dependent claims and arc not drafted in accordance with the second and third senterwes of Rule 6.4(a). 

Box 11 Observations where unity of invention is lacking (Coniinuation of item 2 of first sheet) 
This Inlcrnauonai Searching Authority found muJuple mvenuons in this imernaiionaJ applicauon. as follows: 

please see attached form! 



1. I X I As ail required addiuonai search fees were timely paid by the applicanc this (nternationiJ Search Repc". covers all 
' 1 sear enable ciaims. 

2. I I As all searchable claims could b« sevched without e/Tort jusufyinR an addiiionaJ fee, this Authority did not inviie payment 

of any addiuonaJ fet. 



□ As only somt of ih» required abdiuonaJ search fees were timely paid by the applicant, this [niema'Jonal Search Report 
cover* only those claims for which fees were paid, specifically dtimi Not: 



4. [ I No required sdditional search fe« w<re umely paid by the appUcanL CcnstquenUy, thb Inurnalional Search Report is 
' ' rcTUicted to the invwiuon first menuoned in the dumr. it is covwed by daimi Nos.: 



Remark on Procot [ | The additional search fees were accompanied by the applicani's prousL 

[y j No prousi accompanied the payment of additional search fees. 



Form PCT;ISA,210 (commuaiion of first sheet (I)) (July 1992) 



mternaiionai ADoircation NO PCT/US 96/ 19 169 

FURTHER INFORMATION CONTtNUEO FROM PCT/lSA/210 



DIFFERENT INVENTIONS 

1. Claims 1-30 

2. Claims 31-48 
3- Claims 49-62 

4. Claims 63-70 

5. Claims 100-103, 112-115 

6. Claims 104-105 

7. Claims 106 and 116 

8. Claims 107-111 and 117-119 

9. Claims 71-76 

10. Claims 76-99 



INTERNATIONAL SEARCH REPORT 



PCT/US 96/19169 



Patem cocumcm 
ciicd in jearch report 



PubiKa'jon 
oaie 



Ttcmccns) 



Publiutjon 
dale 



00 


271512 


A 








NOf 


E 






wo 


9504955 


A 


16 


-02 


-95 


AU 


7517394 


A 


28-02-95 














6R 


9407181 


A 


17-09-96 














CA 


2120838 


A 


06-02-95 














CA 


2168727 


A 


16-02-95 














CN 


1131468 


A 


18-09-95 














CZ 


9600275 


A 


14-08-96 














EP 


0712506 


A 


22-05-96 














FI 


960483 


A 


06-03-96 














HU 


73681 


A 


30-09-96 














JP 


9502031 


T 


25-02-97 














NO 


960455 


A 


02-04-96 














= L 


312835 


A 


13-05-96 














s:< 


15296 


A 


05-02-97 














us 


5616443 


A 


01-04-97 














us 


5643701 


A 


01-07-97 














us 


5645964 


A 


08-07-97 














us 


5643356 


A 


01-07-97 














CA 


2123281 


A 


11-03-95 








18 


-04 


-78 


CA 


1099910 


A 


28-04-81 














CH 


633038 


A 


15-11-82 














OE 


2752137 


A 


01-06-78 
















2372219 


A 


23-06-78 














GB 


1590705 


A 


10-06-81 














JP 


1344469 


C 


29-10-86 














JP 


53065279 


A 


10-06-73 














JP 


61009993 


B 


27-03-86 














NL 


7712845 A,B, 


26-05-78 


wo 


9622335 


A 


25 


-07 


-96 


AU 


4702096 


A 


07-08-96 














US 


5645964 A 


08-07-97 














US 


5643356 


A 


01-07-97 


us 


3341492 


A 


12 


-09 


-67 


NONE 






EP 


0639664 


A 


22 


-02 


-95 


AU 


675555 


B 


06-02-97 














AU 


7025994 A 


23-02-95 














CA 


2122209 


A 


17-02-95 



Form PCT/1$A/21 B tp«UBi tumOy 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 



Puem cocumem 
ciwd m sevch repori 


Publiciuon 
due 


Pitent fimily 
mtmccri J) 


PubiiCftUon 
date 


£P 0639664 A 




JP 


7126917 


A 


16-05-95 






CA 


2122210 A 


17-02-95 






US 


5487856 A 


30-01-96 


us 4803G08 A 


Q7-02-89 


CA 


1328283 A 


nc _ft4 .0^ 


EP G609159 A 


03-08-94 


FR 


2700780 A 


c J "U/ -y** 


£P 06G8433 A 


03-08-94 


JP 


0024958 


A 


m ClO QA 






JP 


6032729 


A 


r\Q r\'y f\A 






JP 


6032710 


A 


AQ fiO QA 






JP 


6032711 


A 








JP 


6032712 


A 


AO AO QA 






JP 


6032713 


A 


HQ no QA 






JP 


6032714 


A 


AQ AO Ay* 






JP 


6032715 


A 


AQ AO QA 






JP 


6032716 


A 


AQ AO QA 






JP 


6032717 


A 


AQ AO Ay* 






JP 


6032718 


A 


08-02-94 






• JP 


6032719 


A 


08-02-94 






JP 


5032720 


A 


08-02-94 






JP 


5032721 


A 


08-02-94 






US 


5484816 


A 


1 £ A 1 QC 






wo 


9401074 


A 




US 354616L A 


08-12-70 


NONE 






EP 0351615 A 


24-01-90 


OE 


3824486 


A 


AQ AO AA 






JP 


2048563 


A 


in AO QA 






US 


5072034 


A 


iu- ic -y 1 


EP 0280458 A 


31-08-88 


JP 


7042429 


8 


in nc QC 






JP 63199781 


A 


18-08-86 






JP 


7021125 


B 


08-03-95 






JP 


63199782 


A 


18-08-88 






US 


4838938 


A 


13-05-89 






OE 


3884641 


0 


11-11-93 






OE 


3884641 


T 


27-01-94 


US 5108595 A 


28-04-92 


NONE 







page 2 of 3 



INTEILNATIONAL SEARCH REPORT 

L'....(Tuoon on 3«irni furuly mano<n 



L-.ttrrua ^pp<lc«^on No 

PCT/US 95/19169 



Piient flccumeni 
ciLcd in seven report 


Public&uon 


P»iem fvnily 
rnemDerl s) 


Pubitcauon 


us 5302195 A 


12-04-94 


JP 5132642 A 


28-05-93 


EP G029284 A 


27-05-81 


US 4292154 A 


29-09-81 






AU 6-59680 A 








CA 1145296 A 


26-04-83 






JP 1390419 C 


23-07-87 






JP 56G76Q41 A 


23-06-81 






JP 61061629 B 


26-12-86 






US 4292162 A 


29-09-81 



Fom PCT/1SA.'3ia (patMt fMnOr MMit l-Iu^f ini) 



page 3 of 3 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SfflES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

HI LINES OR MARKS ON ORIGINAL DOCUMENT 

H) REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



